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(57) Abstract 



The present invention provides a mediod for enhancing the immunogentcity of weakly immun genie or non*immun genie ceils, 
resulting in a cellular vaccine that can stimulate T cell activation, which in urn le^ to an effective immune response. Hie oelhdar 
vaccines of the present invention are useAil for the prevention and treatment of diseases which develop and/or persist by escaping Ae 
immune response triggered by T cell activation. Such diseases inchide, for example, all caneen. naural and induced immune deficiency 
states, and diseases caused by infections with a variety f 
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(54) Tbk CANCER IMMUNOTHERAPY USING AUTOLOGOUS TUMOR CELLS COMBINED WTffl AUOGENEIC CYTOKINE 
SECRETINO CELLS 

(57) Abstract 

This invention comprises cellular vaccines and mediods of using them 
in cancer inmumocherapy. paiticulariy in humans. The vaccines comprise a 
souice of nimor^associated antigen, and a cytokine-secfeting ceO line. TUmor 
antigen may be provided in the form of primaiy nimor cells, nonor cell lines 
or nimor extracts prepared from die subject In certain embodiments of the 
invention, die cytotine-secreting line is a sepaiate tumor line diat is aUogenelc 
to die padem and genetically altered so u to produce a cytokine st an elevated 
level Exemplary cytoidnes are \LA, GM«CSP. IL-2, TNP^. and M-CSF in 
die secreted or membfane-bound form. In diese embodlmems, the cytokine- 
producing cells provide immunostlmulation in trane to generate a spedHc immune 
response sgiinst die tumor andgea. Vaectees may be tailored for each type of 
cancer or for each subject by mixing nntor andgen witfi a favorable number of 
cytoUne-produdng cells, or widi a cocktaa of such cells producing a plurality 
of cytokines at a favoraUe rati& 
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CANCER IMMUNOTHERAPY USING AUTOLOGOUS TUMOR CELLS COMBINED 
WITH ALLOGENEIC CYTOKINE-SECRETING CELLS 

S REFERgWCg TO RgLATPD APPt irAnn^jy 

This appQcation claims the priortty benefit of piovietonat U.S. Patent Application 60/023,108. Hied 
Juty 25. 1996. pending; provisional U.S. Patent Af^fication 60«J29.2B6. filed October 29. 1996. pending; 
and non^rovisionai U.S. Patent Application (No. pending; Attorney Dodiet 22000-20561.001. filed July 
10 24. 1997. pending. The afbre^ed appBcatlons a« hereby incoipofated he^ 
entirely. 

FIELD QF THE INVFWnnN 

15 The present Invention relates generally to the fields of ceOular immunology and cancer therapy. 

More specifteally. it relates to the gener^on of an anti-tumor vnmune response in a human by 
administenng a cellular vaccine, comprising ceils geneticaliy altered to secrete a cytoidne. in combination 
with a souroe of tumor antigen. 

20 BACKGRQUMD 

In spite of numerous advances in medical research, cancer remains a iMding cause of death 

throughout the developed world. Norvspedfic approaches to cancer management, such as surgery. 

radiothempy and generalized chemotherapy, have been successful in the management of a setective 
25 90up d drculat^ and stoM^growbv solid cancers. However, many soOd tumors are considerably 

rasistam to such approaches, and the prognosis in such cases is correspondingly g^ 

0ns example is brain cancer. Each year, approximately 15.000 caaea of high grede 

astrocytomas are diagnosed in the United States. The rmmbeir is growing In both pedatric and adult 

populations. Standard trsatmsnts include cytoreductive surgery followed by racfiation therapy or 
30 chemotherepy. There ie no cure, and virtually all patients ultimateiy succumb to recurrent a 

disaase. The overafl survhrel for grade IV aslrocytornas (glioblastoma mult^ 

pattenta dying in the fint year after tfagnosis. 

A second example is ovartan carcinoma This cancer ia the fburth most frequent cause of 

^e cancer death in the United States. Because of Its insidious onset and progression. 65 to 75 
35 parcem of patiwlspresem with tumor tfsseminated throughout the peritoneal c^^ Although many of 

these patients initially respond to the standard combination of surgery and cytotoxic chemotherapy. 

naarly 90 percent develop recurrence and inevitably succumb to their disease. 

Because these tumore are aggressive and highly resistom to standani treabnento. ^ 
are needed. 
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Anem rBingafM<rfc « K»tr M lr n< rtiiimimifwthafapy^ The ganerilprindpto is to confer upon 
tho subjed being treatad an ability to mourn tiM to in «^ 

malignartf cells. There are a number of immimlogical strategies under development including: 1. 

Adoptive Immunottwapy using stinndated autologous ceSs of various kinds; 2. Systemic transf r of 
5 allogeneic lymphocytes; 3. Intra-tumor implantation of immunologtcaily reactive ceils; and 4. Vaccination 

at a distant site to generate a systemic tumor*specific immune response. 

The first of ttte strategies listed above, BdofithfB itntiutic^thBnpy, is directed toMards providing 

the patieM VAth a level of enhanced fanmwAy by stImuUing caBa ex 

tothepalienL The ceHe are hiatocompatlble with ttw subject «)d am generally obtai 
10 autologous donatioa 

Ona approach Is to sthnuiate autdogota lymphocytss ex wvo with tumor-assodated antigen to 

make them tymor-spectfic Zarting M al. <197a) Nstm 274:269>71 generated cytotoxic lymphocytes m 

vAro against autologous human leukemia cella. Lee et al. (1996) abstract GasCroentomtogy conducted 

an in vHfo mixed lymphocyte culture with inactivated leukemic blast cells and autologous lymphocytes, 
15 and generated efliKtorT lymphocytes cytotode for a tiamvanti^ AnMHC 

MoGua Incompatibility was thought to be necessary to pmvide proper help in the lymphocyte culture. 

Lesham at al. (1984) Cancer Immunci, Immunother. 17:117-23 developed cytotoxle raaponses In vlfiro 

against murine thymoma ceOs hy allesensHizadoa 

Qately at al. (1 962) 1 Natl. Cancer tnsL 69:1245-54 fbund that 5 out of 9 human glioma cell fines 
20 dhS not elldt aDogeneic cytolytic lymphocyte responses In ax v/vo cuRurse. Hoivever. If inacttvated, 

allogeneic lymphocytes were provided aa sttmiTalor calls in the cultures, tumor-spedflc cytolytic T 

lymphocytes and non-specHIc non-T effsctort wem generated to 4 of the nonstlmulatofy llnea. In US 

Patent No. 5.192.537« Osband suggests activating a tumor patient's mononuclear ceUs by cuituring them 

ex vM> In the presence of tumor ceS extract and a non-specHIc activatDr like phytohemagglutinin orlL-1 , 
25 and then treating the cultura to deplete suppressarceOedlvlty. 

Deaptta these ex pe rim ental obaaivMona, syatemic edmMstration of ex vwo^ulated 

autologous tumor-specHIc lymphocytes has not become pert of standard cancer ttie^ 

Autoiogoua lymphocylea and Utler cella may also be alimuialed noMpecHlcaily. In one 

example, Fc racsptor eKpmsing leukocytes that can mediate an antibody-dependent cetf-mediated 
30 cytotoxicity reaction m generated by cultuifng with a comblnatkm of IL-2 and IFN-7 US Patent No. 

5,30a.628. In another example, peripheral blood^ertved lymphocytes culturad in tL-2 fonn lymphoklne- 

activated killer (lAK) celle. which era cytolytic towarda a wW^ 

cella. 1^ era prImariV derived llrom natural kOlar cells express Such 
cells can be purified tkom peripheral blood leukocytes by IL-2«ln^ 

35 see U.S. Patent No. 5.097,423). In oomblnatfon with high dose IL-2. LAK cells have had some success 
in the treatment of metastatic human melanoma and rsnal can carcinoma. Ros«iberg (^wr)NwEn0. 
J. Med, 316:6aM97. This sbstegy is labor-intensive, costly, and not ujltad to aB patienta. Schwartz et 
al. (1989) Cancer Res. 49:1441-1446 showed that A-LAK ceils era superior to LAK ceOa at reducing lung 
and Over metaatases of breest canor In experimental anfanal nk)dels. but this waa n^ 

40 weranolong^annsunHvora. 



WO9»04» PCT/IIS97/UM5 

For Mampl0S Of trials conducM using LAK in tlw ireataMi or bfaM 
(1988) Cancsf 62:66S471 & (1890) J. Neun>OncoL 8:173-198: YosNda at al. (1088) Cwicar R»s. 
48:5011.5018; Barba at al. (1989) J. N unsurg. 70:175-182: Hayas at al. (1988) LywphoUna R9S. 7:337- 
345: and Nagaroona at al (1989) Acta Nwnetilr. (Wlan) 99:157-160. Anolhar study preposas lharapy for 
racuTsnt higlvgrada glioma using autolo^ mitogan-activatad and IL-2 stimulatad (MAK) killsr 
lymphocytss. in combination WW) lL-2. JaflSs at al. (1991) Lynp/wlaina Ros. 10:89^. Whilanonaof 
tliaaa ttala waa aasodatad with sadoua elirtcai eompBcadons. allleacy «w 
InducOon of ttaiKT-spadfie Immunily in palianis racaiving sueti 

Anothar fom of adopdvo lharapy using autoiogoua eslls haa baan ptoposad bassd on 
cbsaivations wtth tumor-infiltreting lymphocytas (TIL). TIU are obtainad by coOaclIng lymphocyla 
populations infiltrating into tumors, and culturing ttwm sx vivo with iL-2. Finite at al. (1990) Cancer Res. 
502363-2370 have charactailzed cytoUc activity of 004* and C08* TIL in humw nnal cell carcinoma, 
ma have aoivtty- and tumor spacHldly superior to LAK caOs. and have been eitperimenially 
atfmlniriared, tor exampla. to humanawMi advanced melanoma. Rosanbaigalal.(l990) AtoirEngr. / 
•fed 323:57^578. ThaafliactorpopulalionwiiWnTlljmaybecylotadcTI^^ 
primed to be tumor-apacWc In the host and are devoid of lytic granulea, and become transtbrnied into 
cytolytic lymphoMasta \Mlian stimulatad in cUture. Barice et al.(1888) J. IrminoL 129:303 ff. 
Unfcrtunalaiy. Tllj can only be praparad in sufWem quar% to ba dWcaOy ralevart in a ^ 
of fejmortypaa. These sbata^ remain experimental, aspedally in human therapy. 

Iha aacond of the strategies for cancer immunotherapy IMad aartier is adoptiva transit of 
•Moganafe lymphoqites. The nbonala of IMs axparimantal siralsgy Is to craata a general level of 
immune stimulation, and theraby overeome ttie energy that praventa ttia hosfa imnuma systom 
rejecting ihe tumor. SIraussar st al. (1981) J. Immunol. Vel.127. No.1 describe the lysis of hianan soHd 
tumora by autologous cells sansitizsd in vitre to alloantigans. Zariing et el. (1978) Mature 274269-71 
<<6raontlratod human anti4ymphoma responses Al vto fbltowtog sensitization ivilh altogane^ 
Kdndo at sL (1984) Matf Hypamsos 15341-77 observed obiective responses of INs stratsgy In 20-30% 
of pabanls. and atbftutod the effiNt to depMon of suppressor Tceas. Thostudtoawereparfbnnedon 
palianlswioidlssafflinatodorciiculallngdisaasa. Even though theeemHUaxperimeraa were conducted 

over e decade ago, the atntaw haa not gabMd general aocaptanca, aspeciaay tar the traatoiant of solid 
tumora. 

The iNtd of the immunotttorapy tfrato^ Ustod eariier Is Mir»ft0Tw TMsisa 
abatogydractad at daOvMlng enactor caBsdrsctly to the site of adioa Since the transplantod oelis do 
net dremato, they need net be histooempatiMawilh the host Inlratumorimpiantoltonof aloganaieceila 
may prameli the ability of the transplantod eels to raaet with the tumor, and initial 
tomorrasponsa. 

lOuaa et al. (1990) Ptoc Matt Acad Set. USA 87:9577-9581 d e mo n st ra te d that direct 
inbatumoral impianlatton of allogenaic cytotoxic Tlymphocytos (CTl) into brrin tunon mowing in Fischer 
rate rasultod In a signiflcant suvival advantoga ovsr other pepulattone of lymphocytse. including 
syngeneic CTU lAK oeBa. adheranUAK cans or IL-2 atone. Redd et al. (1992) Cancv /mmunof. 
fcnmunotfter. 34:34^354 dev loped cytotoxtoTlymphocytoa specific tor an aOogeneie brain tumor to rato. 
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The lymphocytes vim specific flbr a detannina^ 

usehil fbr therapeutie purposes in vNo. Kiuse et al. (1994) J. Nmuoonool, 19:ieM68 piepared CTls 
from four MHC incompatible rat strains, and used tftsm to treat Rsch r rats bearing established 9L brain 
tumors. CU were administered on a biwaeMy schedule, a differs CTL preparation 

S being admlnisterad each time. Animals vnthout tumor showed miramal localized brain damage Those 
with tumors either showed: a) mononuclear ceO InfUtrstion. massive tumor necrosis beginning 2-4 days 
after treatment, and total tumor destrudkm by 15 days; a b) ceBular inl^^ 
and then tumor regrowthpregrsssing to death of the animal Tumor rsgrassor animals wsrerssistant to 
Intracraniat rschaBenge with viable timr celts. Kruse el al. (1994). Intratumor CTL implants may 

10 optionally be combined with diemothempy using cyctophosphamide. KruseetaL(1993) J. Afeunoofloor. 
15:97-112. 

Despite the promise of Intratumor implantation techniques, several caveats remain. First, 
implantation is frequently perf M med by surgical techniques, which may be too invasive fbr routine 
maintenance. Second, the strategy la dbeded at generating e local response, artd may not be eflisctlve 
15 agaMmetestases. Finally, the techniques remain unproved for use bi human therapy. 

The fourth of the immunelherspy strategiea Usted eariier is the generation of an active systmniG 
fumo/vspecM Immune msponsB of host origin. The response is elicited ftom the subject's own inunune 
system by admMstering a vaocaie composition at a site distant from the tumor. The spadflc antlbotf as 
or immune cells elicited in the host u a result wHl hopefOlly migrate to the tumor, and then eradicate the 
20 cancer celle, wherever they am in the body. 

Verioua types of vaodnes heve been proposed, including isolated tumor-enHgen vaodnes and 
anlMiotype vaodnes. Mitchell et al. (1993) Aim. n'x Acad SciL 690:153-169 have treated cancer 
patients with mechanical lysates linom a plurality of alloganeic melanoma oeB lines, combined with the 
adjuvtfit DETOX^. These approaches am all based on the premise that tumors of ralated tissue type al) 
25 share e common tumor-assotiated entigen. For patients with tumors that did not acquire expression of 
. the antigen during malignant transfonnatlon, or that subsequentiydifli^^ 
none of these vaccines wOl be successful. 

An altematlve ^preach to an anS^umor vaccine is to use tumor oeOe from the eubjed to be 
treated, or e derivative of such csUs. For review see. Schlirmacher et al. (1995) J. Cancer Res, CUn. 
30 Oncol. 121:467-499. In US Patent No. 5.464.596, Henna Jr. et al. claim a method fbr treating a 
resectable carcinoma to prevent rscunence or mMstases, comprising surgically removing the tumor, 
dispersing Sw cells wtlh coOagenase, inatfating the cells, and vaccinating the patient with at least thrse 
consecutive doees of about 10' cells. The cells may optionally be cryoprasenred. and the immune 
system may be monitored by Mn tesSng. This approach does not solve the weB^stablished 
35 observations that many tumora are nolnaturaliy Immunogenic. Many patients from aMoh tumora have 
been resected are either toteiart or unable to rsspond to their own tumor antigen 
In a vaodne prepvation. 

Several ways of preparing autologous or syngeneic tumor cells have emerged that potentially 
enhance ihmunogsnicity. Tumor cells may be combined with extracts of bacilhisCalmetle-^ 
40 or the A60 mycobactertel antig n compi x. Bard t al. (1990) J. Clin. Oncol. 6:16S»W: Maes et al. 
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(1896) J. CaneerR s. CBn. Oncol. 122:298-300. Tumor cete may be lysad by or mixed with vaccinia 
viiw. Heraayettf.:iioetii. Tbmarcell$m«ybetaci*atod«wBiiheNewea8tteDia«a8eVin»(N0V). 
US Patent No. 5^73.745. AulologouatiBnorceBamayalsobeeoiyugatedtohaptBnelilcBdinlliophenyl. 
US Patent No. 5,290,551. 

In another approach to incteaae immunogaitlcity. Guo and coworiwa (WO 95^6775) auggaat 
that tumor eefli be fused with membrme cornponentB of a second eefl that haa a gieatar immunogenic 
polantW. Suitable eella are an acflvatedantloeniwsenllngcefl such as a B ceil. The ftisien partner caO 
may be genetically aliai«d to expitss an MHC piotaln. adheaion protein, or a cytokine. Rat 
hepatoearcinoma eeM loat tumorfgeniclly tnhan lUiad wHh aynganeie B cells, and were capable of 
eDcillngaT^iMponaa. Rata liflectedw* the hybrid callagene«tBdCD4*«d(»8*T cells against 
aubaequem challenge, or era d l ca tedpiB ex IslIng tumors via a C08*T can metfalsdmechanlam. 

In yet another approach, autelogoua or syngeneie tumor ealle ars genetically aRered to produce 
acastifflulaiorymoleeule. Examples of eostlmulatory moleculee Include ceO surface reeeptors. such as 
the B7.1 costimulatory molecule or ayogeneic Nstoeompaflbility antigens. Salvadoit at al.(1995) Hum. 
Qeo$ Ther. 8:1299-1306: Plaksin at al. (1904) M J. Caneer58:7ge^l; EP 56967. 

Other examplea are secrated acUvaton, Including cytoUnas. For review see. Paidol at al. 
(1992) Curr. Opfn. Immnel. 4«19^; Salto at iL (1994) Canoer AMi 54:3516^, Viawag at 
al.{1094) Cancer Aes. 54:1760-1785; OastI et al. (1992) Cancer Ren S2:622M236:«)d WO 9«07433). 
Tumor cells have been genetically altered to produce TNF-a. IH. IL-2. IL-3. IL-«. IL-8. IL-7. IL-10. IFN-o. 
IFM-T and GMCSF. Asher et al. (1991) J. ImnoL 146:3227-3234; Blankenstein et al. (1991) J. £xp. 
Mad. 173:1047-1052; Karp et al. (1093) J. ImunoL 150:696^; Oouvdevani et al. (1092) Int J. Cancer 
S1:82»830; Cavalo etaL (1902) J. ImmunoL Vol 149: 3627-3635 No. 11 & (1893) CanearRas. 53:5067- 
5070: Fearon et aL (1990) Caff 60:397^ Gansbacher et al. (1990) J. Etp. Mad. 172:1217-1224; 
Connor et al. (1993) J. Exp. Mad. Vol. 177:1127-1134; Topallan et al. (1980) / CSn. OneoL 6:838453; 
McBride et aL (1982) Cancer Raa. 52:3931-3937: Golumbek et al. (1988) Sdanca 254:713 If & (1991) 
SCieflce 254:713-718; Tepper et al. (1889) Csff 57:503-512; SanGn at al. (1995b): Santin at al. (199Sc) 
W J. Gynacd. Caoosr 5:401<4ia, Gynecol. Oncof. 58:230-239; Santin (1998) Am. J. ObsL Gynacol. 
174.-63M39: Aiona at aL (1894) Ceflcar Raa. 54:80224026; EP 538952: BeOdegrun et aL (1983) J. 
AM CarwarMit 8S:207-216: praneir el al. (1889 Awl Msft yieatf Stt (/SM VtoL 8^.3539454^ 

Golumbek et al. (188Q reported that mouse renal carciRoma eolla InaefM with a gene for lL-4 
ilnn^ immunogeneic Ibr systemic T ceo bnmjniiy, and protected inioa agaM 
challenge wilhimodfleA parental tumor ceBa. Induction of an Immune response does not depend on 
Inheienl lfflmunogenh%: cytoklnee like IL-2 induce e msponae lhat is protective agai« 
i<nmmegsnie adanocerebioma cells, jnciudbig tfstam metastasee. CavaSo el aL 1881 & 1882. 

Antlbimor immunity lelntansilled by a cancer vaccine lhalpioduoea both GM<8F and WUdmotoel 
al. (1996) Cancar«ai 56:182».33. 'Hweyloklnaor^tokineoanbinaiienfflayrscnAorstimuiataeells 
of the bnmune system, and thereby overeome the nomial barrier to immumy. Certain ^toMnee also 
aUbe* the exfmsion of m^y httfocompotibUily moiaculas and Intereailular adheskm molecules by 
cells (Santin et al. 19858. M J. Cancer 65:688484). polentialiy improving immunogertcHy. 
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The cxpanmants %vith transtfuoed histocompalSbl tumor calls have been done chi fly in 
genettoallifrNlrtctedenlnriilmodelt. which am not nl 
population. Cotomtw et ai. (199S) Cancer Immunol. Immunother, 41:265-270. Not all cancer types aie 
responsive to the same cytokines. Theie are concerns at)out injecting human patients with replication- 

5 competent tumor ceas.paftlculafly after genetic alteration, in addition, there Is usually not enough time to 
geneticaiV attar and grow up sufSclem ceOs of the me pstiem to be treaM 

Blunribach (WO 96/05666) haa suggested vaednes of live tumor a)agene 
.ootfngltar8nimffluno8timulatoryprole^b)a^toldne;a^ The composition 

Is provided ae Ihm ceOa which can giow in i^M) and sti^^ 

10 via the thymitfne kinase. The possibfilty of escape mutants Is likely to be a {Kibject of regutatmy concern 
this approach in human therapy. GoUmM et al. (1992) J. Immunother, 12:224-230 have shown that 
profif^rating tumor ceils with suidde genes can also survive toid^ cyde 
temporarily or are aequestered phannaooloi^caBy. 

Aa an alteinalive, Cohen 95^1107) suggested ttwt neoplastie diseaM 

1 5 a cellular immunogen oomprtslng aSoganaic cella genetfcatty altered to expreas one or more cylofclnee, 
and also to express tuma-assodated antigens encoded by autologous genomic tianor ONA. In this 
approach, an afiogen^ ceO (exemplified as a mouse LM cell) Is geneticaily altered to express: a) a 
cytokine: and b) a tumor-associated antigen autologoue to the subject to be treated. Accordingly, the 
vaccine need not comprise Hve tumor cells. 

20 However, application of the Cohen invention to human sul^ectswoUdrequ^ prior kno^ 

ffor each patient off a particular tumor-essociated antigens expressed by the particular tumor. Many 
human cancais of widespread dinlcai interest do not have rsllsbtecomnion^ Oncee 
relevant marker is Identified for e parHcuiar patlenL a caO line must be engineered accordingly, and 
cultured to the required density prior to trsatmenl Thus, each patient would become their own research 

25 and development project Since the immune rssponse wouM be focused only at the particular tumor- 
assodaied antigen used, It may be less eflbcthre than one dtreded agabul the spednim of antigen 
expressed by a complele tumor cell. Furthennore, the vaccine comprises o tto genetically altered cell 
line, raiaing the concemaouttinod earlier. Cohen demonstrated only e modest improvement In sunnval^ 
the animat studies, and flUed to provMa any evMenoe that his tormd 

30 cancer patients. v 

A suitable strategy for a human arttMumor ceiyar vaccine has to contend with the following 
problems: e) het er o g eneity amongst tumom (even tumon of the same type) m the display of tumor- 
asaodated antigens! b) hetarogarwity In the Immune response between imflvidittis with rsg a rds to both 
antigena and cytokines; c) etMcat and reguiatoiy concerns about oomposlttons mat may be used In 

35 humans;and d) tack of developmem lime in inost clinical 8ettlngs.imltlngt^ 
lines or otherwise tailor the vaodne to each pabanL 
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SUMMARY nPTHCl^MTIQM 

TWs Invention provides compositions and methods tor eficiting an anti-tumor immune response 
in a human patient In need thereof. The compositrons of the Invention are cells or cell mixtures in a 
compatible exdpient arid are referred to herein as a vaccine or an immunogenic Theymay 
be administered to patients either to treat or paOiate a cirrycaDy detectable tumor, or for prophylaxis, 
particularly after Burjlcal debulWrig, chemotherapy w 

The oomposWone are typically administered at a loeatlon distant from the or^nal tumor, with the 
elective or stimulating a systemic reaGth% against the The reactivity may to turn eradieate or 
slow the development of tumor cells, eilher at the primary site, within metastases (if there are any), or 
txsth. 

Minimally, the vaccines of iNs Invention comprise two components. The first is a source of. 
tumor antlgea preferably a ptura% of artlgene. wh^ 
iaalrisk. A convertfem source of tumorHWsocfeted antigen is tumor ceaaprevtou^ 
pattern, such as during surgical resection. The second component is a cytoMne producing ceOo^aUe of 
attmulattng the patienrs immune system to produce an antitumor fesponee. 

In one series of prefsned embodiments, the cytokine producing cell Is a oeli an allogeneic 
donor, typically a tumor cell and preferably a tumor ce« of the same type 

has been genettcally altered to expreu the cytokine man elevated A prefened source of tumor 
antigen la the patfent and the vaccine is typicelly essembled by mbdng t^ 
antigen theretam) with the altogeneic cytoklneiNoducing 

In another series of prefened embodimenta. the cytokine producing cey is a cea that Is 
autologous or syngeneic to the patient that has been genetically attered to prod^ Typically, 
the cell wiH be a can obtained the patients tumor (or its progeny) that was subsequently altered so as 
to produce en effective amount of the cytokine. In this forni. the same cell provides both components 
naoessary 10 evoke the desM response: i.e.. both the tumor antigen and the stimulatory cytokine. 

Cytoklnea useitrf fer expiesslon by the cytokine-producing ceOa according to either of these 
series of embodimenta indudathoee that promote immirastimulatf^ against the tumor antigen by any 
mechanism. Preferred and non^lmitlng examples are lL-4, (MCSf. IL-2. TNF^ and M-CSF. In certain 
embodiments, the cytokine is primarily secreted by the ceU. in other embodiments, the cytokine Is 
produced by the oeO aa a transmembrane protein, and provides irnmunostimut^ 
may involve MaiceOular oontaet Transmembrane cytokines include those such as mM^CSF. that 
naturally occur in a transmembrane fomi. and cytoUm that naturally om 
engineered to incorporate a region that allows them to be retained In ^ 

Also embotfed In this invMtlon are oompositkins and methods fsr treattng a neoplastie disease 
such as cancer, comprising administering any one of the compositions or vecdnes of this invention, or 
aliciting an antitumor immunolbgical response acconSng to any one of the methods of thia Invention. 
The treatrhem is effective in palliating the disease conation accord!^ 

fbr improvement, such as inhibition of tumor growth, inaease in life expectancy of the patient, or 
improvement in quality of life or peribmiance actfvity score. 
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Further embodimenta of the irwention indude tuts and methods for aesembltr^g the 
immunologicai and pharmaceutical compositions of this invention fdr use acoorcSng to the d sorptions 
provided in this disclosure. 

5 BRIEF DESCRiPTIQN OF THg FIGURgS 

PIgtire 1 i8 a ^wo^anei graph depicting the growth properte 
(Panel B) by an ovarian cancer cett One genetically altered to expreu lU. designed UCt 1 07E IL-4 0& 
Rgurt 2 is a three-panel graph shoiiving the eflwts of irradiation 
10 line UCI 107E IW GS. Panel A shows the growth pattm of ceils given 5.000 (□) or 10,000 (■) rads. 
Panels B and C show IL-4 detected bf EUSA in the culture metf urn expressed as total concentration 
(Panel B) or per celt (Panel C) varioua times after Ina^ation. 

FIguTO 9 is a aerlae of FACS analyaia profiles (inddenoe versus fluorMce^ 
expression of various surfeoe antigen by UCt 107E lU OS. before or after irradiation with 5.000 or 
15 10,000 rads. 

Figure 4 is a four-panel graph depicttng cytokine secretion by human gfioUastoma clones 
gsneticaily altered to express TNF-o, IL-4. IL-2, or GM-CSF. 

FIguiv 6 is a three-panel showing the effects of Irradiation on vi^ 
by the glioblastoma oeU Ine ACBT/TNF-G at 1 0.000 (□) or 20.000 (■) mds. 
20 Figure 8 is a graph showing that rats sunnving intracraniai implantation with live syngeneic 

gliobiastoma cella expressing membrane M«SF (e) but not naive controla (•) survive a subsequent 
intracranial chaOenge with parental glioblastoma oaUs (Panel A), or gPioma cella (Panel B). but not 
adenocarcinoma ceOs (Panel C). 

Figure 7 la two-panel graph showing that syngeneic glioblastoma celis expressing membrane M- 
25 CSF induce e systemic ceO^nedlated immunity in animals. The Upper Panel shows that splenocytes 
translisr tumor resistance between animala (•) unless depleted using antt-T4ymphocyte entibody (A). 
The Lower Panel shows that edmlnistralion of the M^SF expressing ceB line (a) but not vector control 
oeUs (•) at e site outside the brain ceusea ragrsssion of the tumor cells teije^ 

30 r^gTAILgDDFSCmPTIQM 

A oenlrrt foatura of the celUflar vaccinas of this invention is the use of multiple 00^^ 
ad m concert onoe Inside the host to produce the desired effect In other words, the strategy la mora 
than just an in|ection of cancer oells. 
35 The strategy Is a signMcant departure from previous approaches to csncer im m unoth erapy in 

humerus. Several important embo(Sments of this invention diffor firom otfwr oompositiorts comprising 
cancer ceOa. In thantcontainaseparafeiy: a) tumor associated antigen; and b) a cytoldne expressing ceU 
line that acta in (rena to induce e benefldal response against the antigen. 

Tumor antigen is preforabty provided from a carwer celt or the progeny thereof, preferably e call 
40 aufotogous to the sulsject to be treated, typically obtained from the subject either by surgical resection, 
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biopsy, blood sampling, or other suitabto teclmiqua. The cytokine^roducing ceil Is ftom a difl^ donor 
which is genetically atteied and characterized ahead of time for propeiti s relating to its ability to 
stimulate an enhanced immune response when ussd m a vacdne of this inventioa The geneHcaity 
altered cellis allogeneic to the subjsct being treated, and is t^ 
by me subject 

A separately (lied patent appOcation shows that mbted lymphocytes implanted drectly into a 
tumor bed limits or even reverses tumor growth. These experimenti and results are described in a PCT 
patent eppiication published as WO 9809394 (oonesponding to PCTAJS9ea)3821). which is hereby 
inoofporeted herein by reference in its entirety. The effect on tumor mess appeared In part to be due to 
an active immunologicel reaction of host origin, which appeare to be a longing one. It was 
hypothesized mat increased expression transplantation ant^ s^ 
the implam rssulted in the rnassive lecnjitment of lymphoid 

the fwcniitedoeOs played a rale in reacting spedflcally against m^ A significant element of this 
hifpothesia la that the ceUe stimulating the host immune response (the mixed lymphocytes) are Afferent 
f^ the source of tumor antigen, but teed to reactivity against tumor ant^ 

Obsenrattons of this kind contributed partly to the Inspiretion fbr additional vaccine eompositioni 
A second-generation vaccine wouM encompass a number of imprevements over previously disclosed 
compositlone. Desirable Improvements indude: 

• a composition that could stimulate an active response egainst a ptursiily of tumor-assodated 
antigens in any subject treated: 

• theab^toprepareavacdnewmxtfpmci/fturfrvo^ 
that tumor caBa are available ftam the subiect; 

• theuseofoelleofmMi^8fpro0lMiMfec^ad(K 

• a M«lkfe/lif»ed and rep/odUcCbto immune 

• the ability to ea^theimmunostimulatory capacity to the patent, n 

• e capability to administer the vacdne at a site dfstenf Aom the ptimafy tumor, preftably with 
minimal mvasivenesa. 

In order to meet these reguftements. it was dedded that the immunostimulatory cefls and the 
source of tumor enttgenshouM be difhrenl CeOe geneticaBy attend to produce cytokines are strongly 
immunostimulatory. \Mwn cells are obtained fycm a donor other than the subject, they can be genetically 
attered In advance, doned to stabilize the dmderistics, seleded fbr high levels of expression, and 
fiirthersdeded for an abiSty to exprssscytoldnes even after tnacd^^ TNs eMnates the need to 
culbjreeadiauteiogouacill Una. and has the benefit of carefU standee The 
fto that the Immunostlmiiatory cella are typicdly HLAinoompallble is probably Movant, since their 
mafa! rote is to Initiate an Immunological iMdion in the host which can then maboe after the 
immunostimutatory cells are depleted. HiAlncompatlbility can even be an advantage in the 
immunostimulatory potential of the ceils. 

Stimulation Is provided to generate an immune reaction against twnor antigen as a bystander. 
When used in an Implant setting, a nexus of tumor antigen is supplied by residual primary tumor cells. 
Fore systemic or distaUyadrniniBteredcompositlon.it is necessary to pro xus of tumor andgen 
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by mixing it into the prapaiation. PrriMily. a plwBltty of turn antigen assodatsd 
own tumor ia usad im ia oorwenlantly providad by using oaQa oMainad ftom t»i subjacTa vusm. 
progeny tharnof. a an xtrect of either the prmry tumor oaOs or llieirproge^^ Theaa caSa may also ba 
inactivatad, since thay generally do not need to prolifiemta tumor antigen. Using autoiogoua 

5 tumor cella oonfara the additional advantage of being HLA<ompatibia. meaning tha oalla may persist 
near tha injection site or at another site of ongoing immunologlcai activity, to assist in the maturation of 
therasponsa. 

A haHmarfc of tha oaOular vaodnaa of the piaeent Invention la that tha affiset la substantiaHy 
gaatar than ia obtained itting tumor cato alone, or tumor oalia mbttd a^ 

10 cofiKtors. bitaredion between the tumor eels and the stbnulatad lymphocytes of tha vacdnea is 
probably complex. VVhila not wishing to be bound by theory, it is envisaged that tha cy^^ 
by tha genetically aitarad oaO ia effective in racniilment. activation, or stimulating tha interaction of host 
Immune caila. Tharacniitadandatbmilatadhostcaltemay than respond to atypical (but otha 
immunogenic) oomponenta In tha vIcinKy, Indud^ any antigens present upon or within or sacvatad by 

15 tha autologous tumor caBa. Tha cytolcbvHiroducing oafia may also piiy a rela In promoting antigen 
processing and presentation, or provide oo-stimuiatlon for antigen being presented. In addition, the 
cytoldne-producing calls may atso provide speoftc immunostimulatlon in dis for the tumor anbgena 
expressed t>y tlie cytokine- produdrtg ceils. Accordingly, in certain prafaned embodlnfienta of thia 
application, tha celts used to generate the cytoldne-produdngceia are derived ftom a tumor type that Is 

20 dosefy related to that of the aubtect being treMd. 

An Immunological raaportae reauKIng from admlnlslratlQn of the vaodrM may comprlae both 
humoral and cellular oom po ne n t a . but a ceBular response is especially pretaned. Cellular immunHy 
(either cytotoxic lymphocytea. or hatper-inducer cells rscniiling other effector mechanisms) are believed 
to be Importam in provitfng a specific effect against tha ceOa of the target neoplasia. The presence of an 

25 immunological response may be mortitored by standani immunological techniquea. However, in human 
therapy, a primary ot^cSve ia an improvement in the cfinlcal condition of the padanL Cliriical outcome ia 
therefore a superior assay for tlie effectlvertesa of the compositions arid methoda of thia invention wtien 
directed towarda cancer treatmanL 

The present inventfon Is superter to stratagias used or eugg as ledpnwIOMSly. Advantagaaofthe 

30 vacdna compositions of this invention include the foOowingr 

• The vacdnea improve the dinical condition or prognosia of human cancer patianta.^ 
tumor oeOa rasicfing in caiMr padants are apparently poorly lmmur)oganle on their own. 

• Although the raeponee Is prseumably mediated by a tumor«sodafed antigen, thera 

to confinn the preaenoe of any parOate antigen on the turnor of a lieatod su^^ Ueeof 
35 patents own tumor cells or an exirad of such cells ensursa a spectnim of relevant a^ 

• There la no need to genetically dter patients' eels, « use palianti'ONA to 
of the vaodne. 

• The strategy is aimed at generating a long4ived systemic immune response, and may theiefora 
be efbcOve not only against the primary tumor, but also against mataalatfo 0^^^ 

40 ^ antigen with the primary tianor. 

-10- 
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• WHhIlwaxoaplionofth inSialsanipfingorth tumor oeOt. the pratoeoi may be peifbnnad with 
minimally ifwuivapiQceduret. Tli vaccina oompoaitions « prafaiabiy admlniatarad at a aila 
diatant from the tumor. SubcutaneouarouleaefadmlnistfatiQnaraprBhned. 
A paitieulatiy benaHdai faatura of eaitain vacdnaa of the invention ia the IM that vaec^ 

mmpoOhna can be t^oml to patSai^ caflcer ti/pta, clinical tastuns. ana wm to an ImMdual 

sutilect,aai)eoasaaty. 

This is impHtani wham dilhram tumor types respond to ddiBrBnt cytoiones and cytoldne 
niiiittiies. ForsMmplt,oneftimoriypecannspondfflomftequ8niiytolL-4ineombinaiior) 
CSF.whems another tumor can lespond to lU In cembinaiion with INF-a. Aecoidlngly. • vaedne Ibr 
the llrst tumor type is peparad by mijdng cells genetically aitorsd to axprasa lU, and ceiia ganeli^ 
alterad to expieuGI^F with tumor-assodated antigen fhom the subjed to be tasted. Avaccinetor 
the aecond type Is prepaied by mijdng csOs exprsssins lL-4 with ceils expreasing THF-a and tumor- 
associated antigen. Thers is no nsed to geneticslly atter a cell line to express mutt^ cytokines 
(although IWs Is tedudad In the hvanllon) since iinw expressing difllBrBmeytoWnes may be in 
another exampla. one tumor type can respond snghtly bettor to lL-4 and 6M«SF at a 2:1 mdar ralto. 
while another can respond sOghdy bettor to IL4 and OMCSF at a 1:2 mdarratto. TheeeOseanbe 
mixed together in a suitoMeprqioitian to provide e molar ratio suitod far the tumor being tmatod. toa 
third example, the ratto of cytoUne-iecreiing ceOs to tumor antlgsn or autotogbue tumor calls Is also 
adjusted according to the tumor being beatod. 

FhMuting of the components of the vaccine can be done acconflng to previoua obsenrationa on 
the eliaaivanesa of the vacdne In vattous dinlcal ssttlngs> the context of Ibeiuree of ihe tomor h 
««*|ae» being baatod. A prtndpai toature is the type of cancer being taatod. with opttonat sseondaiy 
ttatures including, but not llmttod to. the location of the banor in the body, atoging, invadvaneaa. 
mopholofllcai toatures. msuita of blochemied testa fcr aniigan axpmsaion or genetic dtentton 
conducted on pattonfs aenrni or a tumor sample, dinical teatwes. and response to prevloua therapy. 

Fli»bjning the vaodne is an added beneltt of the nature of the cofflpositicn. but Is not required. 
Many eofflbinaitofla of qMdna^rodudng cab and autotogoua bimer caBa are eftective. end are 
encompaasedbylhaddfflsdifflwniloa Blsdivtoemblnsiions are readily detennined by a piaeliltener 
ofortinaiysldflhihaaitbyteitowtegihegulddlnespiwldsdh^ The avaitebiiily of a pluretty of 
"Boflsneic cytoUnefioAidng ceils for admixing into a vaedne considerably teaitetos not only itM 
a^usttnenl of the oompodtion in eocerdanee wHh prevtoue ei^artance. but alao the InHtel teaUng of 
various potential combmattons. 

Other embedmsnte of Ihto invention involve genetically alteiing a pattenr a own tumor ceie 80 aa 
to preduoeedbmMe(yeytoliine.eapeddlyemembrene4eiind cytokine. TheeameodilhuaprevMea 
both the cytokine and the tumor antigaa Theae edia can be adminlatered done, or are opltondly mfacad 
with diogeneic cdle proAidng addtksnd eyioMnes in enter to increase dtmutatton. agdn pnvldlnffan 
opportunity to llne-lune the reldive amount and mixture of cytoklnea provided. 

A Mtm descriplton of prefsned ways to prepare and uae the vaedne compodttona of thte 
hvantiDnareprovidadinttwaedtonathalMlow. 
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The Mns "vaodna*. 'inMnunog8n\ or Irmmmogenie composite aro used horoin to rohr to a 

compound or oompoattion, aa appropriata, that is capabla of oonfening a dagree of spadfie immunity 
5 whan a^ninistarad to a human or animal aub|act At usad in this disdoaura. a 'caltular vaccina' or 

*callular immunogan' rafars to a composition comprising at loast ona call population, which is optionally 

inactivatad, as an activa ingracSant Thavaodnas. immunogans. andimmunoganiccompositionaof thia 

invantion am adhra vaodnaa, wMch maana that thay am capaM of stin^ 

maponsa (such aa an anlHumor antlgan or antkanoar caO rasponaa) madiatad at laaal in part by tha 
10 immuna ayatam of ma host incSviduai. Tba immunological rasponaa may oompriaa antitwdy. 

immunomactiva caSa (such as hatparAnducar or cytotoxic calls), or any oombaiation thamof. and Is 

prefambly dmctad towarda m antlgan that Is pmsam on a tuma toa^ 

Tba rasponsa may ba afldtad or maUmuiatad in a subjad by administration of aithar singla or multipla 
dosas. Nothing lUrthar la requirad of a oompoaHion in ordar for it to qualify as a vaodna. untaas olhanaisa 
15 spadffad. 

A compound or composition is Immunogai^ if it Is capabla of aithar a)ganaratinganimmuna 
maponaa agsinst an antlgan (auch aa a bmwr antlgan) in a naiva Individual; or b) mconatttuting, 
boosting, or maintaining an immuna maponsa in an indviduai bayond what would occur if tha compound 
or composition was not administamd. A composition is immunogaroc if it is capabla of attainino aithar of 

20 thasa ciiterta whan administamd in singla or multipla dosas. 

'Stimulatlnsr an Immuna or ImmunologiGal msponsa mfam to adnMstmOon of a compound or 
compoaitlon that Inltlataa. booata, a maintains tha capadty for tha hosTs Imm^ 
targat aubstanca, audi aa a fomign mdacula, an aDoganaie call, or a tumor oall, at a laval Nghar ttian 
would othanvisa occur. Stimulating a 'primaiy' immuna maponsa mfam hardn to aiidting specific 

25 immuna madh^ m a ai^ad In which pravloua madivily was not datadad; for axampta. dua to lack of 
axposure to tha targat antlgan, mfredorinau to tha targat or immuna suppmsaion. Stimulating a 
-saoondar/ maponsa mfom to tha minitlation. boosting, or maintananca of reactivity in a aubjact in whom 
pravfoua madhrity waa datadad; tar mmpla. dua to natural immunity, spontanaoua immunlzalioa or 
treatmartf ualng one or aevaral oompoaWona or procadurea. 

30 A 'osl fine' a 'oaflcuRum'danotaa higher auktfydic calls gr^ 'Progeny" 

ofaoaUindudeanyoaasfomnadbyceOdvisfonofapreganitor.aithsrifi^ ItiaundsratoodtM 
the desoendsnts of a oaO may not be oon^iletdy identical (eilher morphdoglcaily. ganotypcaliy, or 
phenotyplcatty) to ttie parsnt cel. . 

-Inadhratton' or a odi la uaed harain to Mcata that ma GsO haa been mm 

35 dividon to fomi pngsny. The cdl may nonaOirtess be cspable of rasponsa to stimulus, or btoaynlhada 
andtorsacmbonofodlpmdudaaudiaacytoUnae. Mdhodsofinadivaiionamknowninihaat Pmfoned 
methods of inadivation am treatment with toxins sudi as mitomydnC. or inatfatto^ Caila that have been 
fixed or p«msabffized and am incapable of (fivfsion era also examples of inadivated ce^^ 

'Genetic alteration' rafom to a process wherein a genetic element is introduced into a call other 

40 manbymitostaormelosie. The element rnay be hetemlogous to the odi. or it may be an additional copy 
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primpreMdvMiioneran ItRMni almidy prasam bi tht cell 6«wlie atention may be «(hctM. for 
xample,bytranatfudngacallwithafaeofflbinampiaiiiMorolharpeiyn through any piwasa 
knomm In tha art; such at aledropoFation. akim phnphata pradpitalion, or eontaeting wwi a 
polynucteotida-liposomo compt x. Gonetie altaiation may also be efhetod. for example, by transduction 
or Olfaction with a ONA or RNA virus or viral vector. It is prefsrable that the genetic attaration is kiherttabia 
by progeriy of tha cad. but tNa Is not necessarily raquirad tor the practica or this invention, partcutolywhan 
altorad calls art usatf in a phamnoaulicalcornposilion without fkjrtherpr^ A ceO is described aa 
'ganeneallyallaref irihaaRaairbasnsubjecladtoganaiicallBrallorvor Ifllla the progeny ofaoallhaiiaa 
wtiieelBd to ganatie aBanfiori. proiMlrig II rataina tha aRarallon A callla said to be 

Iriharitablyalterad'ifagen^anarition is present wNehtolnheriiabto 

The tenns ^imor cer or 'cancer eeir. used either in the singula or plural form, refer to 
have undergone a mallgrMrtlrmstamation that fnakes them palholo^ Primary 
canoar caBs (Ihtt ia. oaOa obtained ftam near the aita of maligmnt banstomaiion) cm be readay 
dWInguished tow ncixancaioua calls ^ wel l ai t sblli h ad techniques, particularly histoiogicat examination. 
Tha dsllriition of a canoar ceB, aa used herala ineludaa not only a primary caner cel. but an^ 
itam a cancer calanoaator. TMa indudaa mataatasind cancer oaPa. and *i m»d cutturas and oal linea 
derfvad (tam cancer cells. 

The term •tumor-assodatad antigen" or T'AA' i» used herein to rsfOr to e rnolecule or 
which is expressed at a h^ flrequency or density by tumor ceOa than by non^umor ceils of the same 
20 fi«wa type. Tunw-Msodatad antigens may be antigens not nonnally expressed by the host: the^ 
be riBitBtad, tnatcaiad. miafoWad. or othenwise abnomial manMsalaltona of rn^ 
by tha host: they may be idanlleal to molaculea nomially axprasaed but expraseed at abnoffliaily high 
levels: or ihsy may be expressed he context or mlieu that babnofflial. Tumor-assodatad entigena may 
be. fer example, proteins or protein Itagments, complex carbohydrates, gangSoaides, haptens, nudeic 
•cids, or eny combination of these or other bidoglcai mdeddes. Knowledge of the existence or 
eharadarltticaofapartiatotumor-assddatedanllgan is not neceasary for the pradice of the invention. 

A protein audi aa a qftoldne is milsrred to as a transmembrane* protein If tt normally remains 
HaMyaasodatad In iht membrane of the cdimwhidi it la produced. The terni doea not raquirt aiy 
partlaiiar eonflguation of the protein m the Bpid bHayer of tha mambmna. 

As used herein, teabnenr reian to dinted intsnreniion in an attempt to alter the natural eoune 
of the indMdud or ceo bdng iraatad, and may be perfomied diher for prephylaxi* or du^ 
clinical pathdogy. DedraWe efhetslndude preventing occurrence or rscunence of diseaae. allevialiori 
of symptoma. dimlntohmert of any dfced or indlrad palhdogicd ojnsequencee of the disease, preventing 

metastaais. lowedng the rate of daeaaeprogwsdca a m a lio m tion or palliation of the diseese state, and 

35 remission or Improved prognosis. 

The •pathology' assodatad wHh a disease omdition is anything that compromisee the wdl- 
being, nomidphyiidogy, or quality of llfa of the afiadedimSvidual. This may involve (but Is not limited 
to) dednidlve invaeion of affiacted lissues into pmvioudy unaflbdad areas, growth at the expense of 
nonnd tfame ftmdion, Inegular or suppraased bido^cd adivity, aggravation or st^prenton of an 
Inflammatory or immundogied respons , ineraasad suscapUbfliiy to other pdhog nie organiama or 
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agantt. and undesirabi dinicai symptoms such ss pain, km, nausea, fstlgus. mood alterations, and 
such other tatures as may be detsfflfiined by an attendb^ 

An 'effective amounf is an amount sulRctent to effect a beneficial or desired cfinicai result 
particuivty the generation of an Immun response, ornoticeable improvement in dinica! conditioa An 

5 immunogenic amoum Is an amount sufflciem in the subject group be^ 

e!icit an immunological response, which may comprise either a humoral response, a cellular response, or 
both. In tenns of clirM response Ibr subjects bearing a neoptasilc disease, an efll^^ 
amount suffidsnt to paffiatsii ameOorato. stabfllte. reverse or slow progression of the disease, or 
otherarise reduce pathologictfoonsequenoes of the <Ssease. An efbdlva amount may be given In single 

10 or divided doses. Prefbrred quantities and oefl ratios fbr use In an ellbctlvearnoum are given e^^ 
in this disclosure. 

An Hndividuar or "sut^ect* is e vertebrate, prsfierably a marnrnal. more prefera^ Norv 
human mammala Include, but are not limited to. fami enimals, sport snlmals. and pets. 

15 QBOMLmcMmoimB 

The pradioe of the present invention wiB employ, unless otherwise indicated, conventional 
techniques of molecular biology, microbiology, ceil biology, biochemistry and immunology, which are 
within the sldll of the aii Such techniques are explained Mly in the literahire. such as. 'Moiecutar 

20 Cloning: A t^borstoiy ItanuaT. second ecfiHon (Sambrook el al.. 1M0): 'OUgomidaotide Synthase* (M. J. 
6ait, ed., 1984); 'Animal Can Culture* (R.I Freshney. ed.. 1087); 'Methods in Enzymolog/ (Acadsmic 
Press. ln&); 'Handbook of Experimental Immunology' P.M. Weir & CC BladoMefl, eda.); HSene Transhr 
Vectors for Mammalian Cells' (J.M. Miller & M.P. Catos, eds., 1987); 'Current Protocols In IMolecular 
Biology- (F.M. Ausubel et si., eds.. 1987); -PCR: The Polymerase Chain Reaction', (Mullls et at., eds.. 

25 1994); Xurrent Protocols In Immunology' (J.E. Coligan el al.. eds.. 1991). See also Gately et al.. Lee et 
al.. and Zarling et at. (inta) fbr axarivtes of techniques in mbced 1^ 

■ General procedures lor the pfeparation and admbiMation of phsnnaoeutical composltioris are 
outPned In Rmbtgton'B PhammoeuM Sctonces m Edibon (1990), E.W. Martin ed. Mack Publishing 
Co.. PA. 

30 All patsrrts. patent appilcattons, articles and p ut^ li ca tf ons mentioned hereir), t)Oth eupre and inl^ 

are hereby IrworporBted herein t^ reteience. 

35 The cellular vaodnes of this invention are typicaly assembled by preparing each ceO population 

or equivalem thereof in an appropriate fashion, combining the components* and optionally coculturing or 
storlrig cea mtxtursa before admimstratton to a su^eot 

Tumer«eeaocl8tatf aniloeii: The source of tumor-assodaladantigon is most usually a tumor caO or cell 
40 fin that is dose in phenotype to that fbr which the patient Is being bealed. Tumoreftafflth^ tissue 
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type and wrim similar Wstologlcal chWKte^ Who th 

complata spedium of antigens may vaiy belwmn individual tumors, there Is a substantiai probabyity that 
at least one wfll be shared. PrefsraWy, the tunw c^fs are histocompatible wHh the subject to be treated. 
Generally, when it Is possible to obtain tumor cells In advance finom the subject to be treated. 
5 these cells are prefsfred as more likely to bear a lUU complement of relevant tumor-assodated antlgena. 
CliDiating tumors such as leukemic and lymphomas may be readily sampled from peripheral blood. 
OthenMee. turner caOs are seneralty sampled by a surgical prooedure. inc^ 
or surgical resectfon or debuDdng. Tumor cells may also be collected from metastatic sitae. SeOdtumora 
may be dissociated Into separate ceOa by physical maniputation optionally combined with enzymatic 
10 treatmam with such proteases as ooHaganase and the like. The cells are thai tranaf^ into fMi 
medium. CalU may be storad unta ftffther use. for example, by freezing In fl^^ Opttonaily. and 
especially when the original tumor maaa ia smafl. It la prefer^ 

ensure an adequate supply. CeUa are cultursd in a growth mad urn sultabte for propagation, optionally 
supplemented with growth tators. 

19 Prsftably. a ateble cell population comprising Murea of the tumor ceOs is obtained without 
iUmisrtranslbmiation. although transfbmtationts^^ The ceB population can be 
optionally cloned to enhance Its stability or refine its chmcterMca. although this is ganerelly not 
necessary. Conditlonafcr reliably estabfisWngshort^enn cultures and ^ 

variety of tumor typeeiadeaoibed in OiOman et al. if possible, the 

20 originaltumorcaaprepanlioniauaedwilhoutpreiihrati^ 
win be lost through the proOfsrative process. 

Cancer ceis or ceil lines obtained as described may be combined directly wHh the other 
components of the vaccine. However, tt is preferable to inactivate the cancer cella to prevent ftjrther 
prelifMion once administered to the subject Any physical, chemkal. or biological means of inacthratkm 

25 may be used, induing but not limited to inadiation (preferebiy with at least about S.ODO cQy. more 
pvvbrebly at leaat about 10.000 cGy. even more prefM)ly at least a^ 
mltomydn^ (preiisrably at teaat 10 pg/mt^ more 

Cancer cells «Dr use as a tumor antigen souree inay aKenuthreiy be 
glutareklehyde.pamfoimaldehyde.orfomialln. They may also be in an ionic or non4onic detergent such 

30 Mdeoxycholate or octyf ghjooside. or treated, for exmple, using Vaccinia Vims or Newcastle Disease 
VInia. lfdesirsd.solubiiizedcea suspensions may be clarified or subjed to a^ 
btochsfflicrf separatfon prooedurea to enrich or isolite particuiar lum^ 
antlgsns. PreteraWy, bmwr antigen assodatod with eie outer membrane of tu^ 
tumor assodatedantigena la enriched. ThedagreeofenndunentmaybelO-fMormorepreterebly 100- 

35 fbidoverthatofawhdMeaiysate. Isolated amigertt. recombinant antigens, or mixtures thereof may 
alsobeuaed. Betere combination with other co mp one n t s of the vaccine, the tumor antig^ 
deptetod of the agert used to treat it tor exampto. by cenWfljging and w 
ofthesdubilizedsuspenaton. Preparelhm of tomoranligen.paiticuterly beyond inadiv^ 
tumor ortl. may be vtewed aa opttonal and unnecessary tor the predice of the embodlmente of the 

40 invention, unless spedtcafly required. 
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Cytokint-pfOdudng ctllt: The cellular yeodnes of this Invention alio oompriee a second cen 
population, d which at least a portion m esUs piwU^ 

potOTfialing an immunological response against the tumor-assodaled antigen or autologous cell of th 
5 vaccine. 

Any cytokine or chemokine may be used fbr this purpose, especially those that have amongst 
their biologic^ activitiss one or more of the Wlo^: a) the ability to recmit. enhance prolifefatioa 
anhancecytoldne secretion by. or ottienalse activate cells of the ly^^ b) the abffity to 

enhanoe uptake into antigen-preaenting oella. the subsequent processing and display of antigen, or the 

10 concunent production of cytokinea: c) the ablSiy to enhance disptay of Mstooompatibilfty antigens; d)the 
abiity to enhance diplay of tumor-assodated antigen by tumor ceils: e) the abilfty to recmit other cells or 
soluble compone n t s that may parttdpato in inflammation; or f) any other effect that results in a localized 
Immune sttmulation. The effect or efMs can be measured in vitro according to standard immunology 
techniques, but shouto oome into play in suflldeirt proximtty to the tunw 

IS immunosllmutatofyeflbctth^ is at toast partly apecillc tor the artf^ A cytokine capabto of mediating a 
ptorality of the above^istod eflMs are pertlcutarty preffsned. 

Prelierred ^tokines inckide. but ere not IbnKed to. tumor necrosto te^ 
Intorteukins. exempBIM In IL-2. 11-4; 11-6. 11-7. and 11-10; Intefferons. exempttfisd m IFN^ and IFN^; 
hematopoetlc IMors; and cotony stimulating factors, exemplified in GM^F and M-CSF. Different 

20 cytokines are more effective in certan cancers than othsrs. and may vary between iSffmwX cancere and 
patient groups. TNF and IL-2 are eflisclive in canosra like adenocarcinoma in syngeneic animal vaodne^ 
but less efVBCtlve In ovartan or brain cancer, whSe M-CSF is espetiatly potont in syngeneic animal 
vacdnes for brain cancer. 

Amongst the possibto cytokines that can be used with this inventioa GMKSF and M^SF are 

25 espedtfly preferred because of their Importamroto in the maturation and fWicd^ 

prssenting ceOs. TNs is beOeved to be important because many tumor ceHs. such as those of epithedel 
oiigm. do not express datodabtoMHCdasa II motoculaa. tL-4 is also prsferred. as a pluripotont cytokine 
endowed of a broad range of sdmutating activities on both B and T lymphocytos. ae weU as on 
hematopoietic caOa. ItorotoelndudetttorecniltoiemandactlvattonofC^ 

30 we8 as Muction of cytotoxic T lymphocytes. TNF*<i is a fourth cytokine whk:h Is preferred, in part 
because of ito broad range of ^fSscto ki the immune md inftommatory lesponses. Amongst cytokine 
c omb i na t io n s , ths combination of OM^ and IL-4 is e^edaliy profaned. Embodimento of the 
inventton with both of these cytokines are vacdnes comprising autologous ca^ 
cans genetically altered to eivrau both GIMSF and IL-4, or even nm 

35 eutotogoua cmvoaBs, altogeneic celto genetically altsred to express and Misrent aUogeneic 

cells genetically akarsd to tt^raea IL4. 

The mifortly of cytokine produced by the. cells used in this invention may be secreted from the 
cells, or present on the outer membrane of the cells. Where the cytokine has a tocal immunostimutatory 
effect, it can be pniMtA% that it be prfmaifly attached to the ceil nmnbrane to keep it In the vtdrtity of 

40 byetander tumor antigen oomprtaed in the vacdne. Where the cytokine has a reeniitment effect it can be 
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S^efmbto thai it be primarily S6cm^ cytoUna can ba synthesized by tha oali in 

both mambranMSSOdatad and saemted Ibmi. As aiustretad in Example 5. th preferable fbnn of a 
pailteular cytolUna ca\ be determined by simple side^de comparison. M^SF may be used in either 
form, and in certain vacdne compositions may be more effective in the membrane-associated femt. 
S While not wishing to be bound by theory, it is possibla that the membrane-assoctatad form createa a 
bridge between the aUoganeie tumor oef) and antigen-presenting oeQs or responder in effect 

a fbroed antigen presentation. M-CSF rnay have an advantage over rnany other ceO-surfSace receptor 
Uganda in this regard, because of an abOity to simultanaoualy bridge cella, and provide a stimuiatory 
signal through its cytokine effect 

10 Other cytokines that have b(^ of these pmperiies may be parilcularty effsctive in tumor vaccine 

compositkm. and cells of the vacdne m preferably aitered to express them m the membrane- 
associated fonn. Where particular cytokines have potem Immunostimulatory activity but do not occur 
nabjrally In a mambrana^ound form, Hie possible to create a mambran e^^ 
Allogeneic ceOs are genetically altered wKh a vector comprising a cytokina encoding regton and a 

IS transinembrane region in the aama open reading frame, the transmembm 

or downttmam firom the cytokine encoding rsgion and optionally separated by en 

The transmembrane region may be modeled on other known transmembrane proteina. 0^ 

designed polypeptide se^nent with a Ngh degree ^ (ipophllOdty. 

The protein and ONA encoding sequences of human 11-4 and TNF-a are known, and vectors 

20 oompriaing encoding seguencee are avaaabie. For the Meequencee and vectors, eee US Patent Na 
5.017.691andEP 230107. Gen^icaiyaltBredCHOceQs are described in US 8.034J33. The use of M 
(either aa the isotaled recombinam or in a genetically altered celQ k^ 

US 5.382.427. TNF polypeptkles. encoding sequences, vectors, and genetically aiterBd host ceils are 
described in US 5.268.852. EP 155549. and US 4.870.220. Varianta of TNF. wNch may also be used in 
25 this invention, are described in US 4.677.003. Compositions comprising TNF^ and interim are taught 
In EP 131789. Synergism of TNF and IL-4 ki the inhibition of cancer ceQ growtti ie deacribed in WO 
92A)5805. 

Other cytokines and cylol^w^ncoding polynudeotides m described fMier in the example 
section below, or may be raa^ obtained through publidy availeble biological depoalla^ or may be 

30 praparsd according to publdyavaBablediadosures. 

The cefl used to produce the cytokkie for the vacdrM of this Invention is obtained from a 
(Sffisram donor than the subjed being treated. The donor is of the same spedaa aa the sufiiect 
Consequentty. except In unusual ckoumstances. the ceO Is allogeneic to th^ For the general 
pradlce of tMa invention, thia definition ia satisfied by at least one a^ 

35 in a maior histocompatibility complex (MHC) Class I or Class II antigen bet w e en the eytoktne-eeoeting 
ceo and the subjed to be treated. Typically, a plurality of diffsrsncea wdl be present in both Class I and 
Oass II antigens will be preseht and these differences wiO be recognizable eltiwr in an antibody- 
madterted tissue typing cytotoxicity test, or a mixed lymphocyte reaction between tiw cytokine-secreting 
ceOs and lymphocytes from the subject to be treated. Otiferences In Claaa t anHgens are generaSy more 

40 relevant, since most cell types do not exprns Class II. In certain embodimenta of tiiia invention, the 
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number of MHCdilhmncM is irT8t9vam, as long mother mbodimenlsofthis 

invention. MHC Terences, parteilarty Osst I diftoencM are pretaned aa a pot ntiating tetor in 
imimmt stimulation. In thia context at least 2 differenceeaiBpmfirmd; at least abou^ 
even more preferrecL When using luiman cells, dffisrences era aspect 
5 -Cloci. 

The ceQ win also generaOy tM a ceQ that can be maintained in adture for a large mffnber of 
repncanons and ganetictfy deeirad. if necessary. Typtealiy. the can wiO be a neoplastic oafi. a 
maflgnantty tmnslbnnedoeU. or the progeny of such ceOs. Ceile may be dellb«atety translbnnad into 
long^ved ceii lines by any method Jndudbig. but not Qmited to. 1^ 

10 a chemicat carcinogsn. or intection with a suitable vims such as Epstein^an* virus or oncogenic vinis. 
More usually, the ceil Mil be the progeny of a primary tumor occurring In the appropriate spades, that has 
been established \n ex vivo culture. 

in certain embodiments of thle invention, tumor cells are Mod as the allogeneic cytoldne- 
expressing cen.wheraln the tumor is a <fiftarert type ftamt^ TNsmay 

15 provide wmonA byalander dfect by providing a plurality of novel immunogenic anttgena. In tNa 
context, the tumor cell is prsltoably setedod so as to comprise a la^ 
of an immunogenic epitope. In other embodments of this invention, tumor cells are used fr^ 
type similar or identicai to that of the subject in tenhs of its tissue sottfce. morphological characterisdca. 
surtee antigen expression, clinical manifestations, and any other relevant criteria. This is preferred 

20 when it is desirable to increase the probability m a tumor-wodated antigen, or a plurality of such 
anUgens may be overexpresaed both on the cytoMne^xpresslng lurnor ceU of the vacdn^ 
cells in the subject being boated. Shared tumor-essodated antigens may permit ds stimulation of 
therapeuticaily relevant immune reactivity. 

Cells rnay be stimulated to secrete cytoldnes at suitable levels accordi^ 

25 the art. induding. but not limited to, cocuKuring with other cells or treatment of the cells with the same or 

dlflisrsnt cytoldnes* 

Most typicalV> ortw to piovM a high and raUaMe lami or eylolM 
genaiicallyBliaradioastoiynlhaiinthacytoUnaatanalav^ It iatacognizad that certain caOs 
such at lympho^ and nMcrephagaa may already produca datoctaUa lavals of certain cyloKinet. 

30 'Elevated levela'dexpreuionlhal occur at a retdt of genefc alteration axeeadlavelaot^ 
not genetically altered or otharaite rnanlpulatad In the sanM way, M that aw 

Genette atteraiion may ba eOMad by any method known In the art. Typically, an encoding ■ 
taquenca tar tha datirad ^lokina it operaHvaly finKad to a heteroiogoua promoiar that wW be 
conttltulively or indudWy acdwa in Iha target ceB. along with other conWIing el^^ 

35 laquenea necateafy for tranaolpllon and ttnUalion of tha protein. The expreewon cawrtte thus 
composed it. Mraducad Into the cet by any method known In the art. auch at caldum^osphata 
precipitation, insertion uafr)g cationic liposomet, or using a vital vector tropic for the ceili. Melhode of 
genetic attarelion am descrtbed in tha patent pubBeationt dtad in relation to tome of the cytoMnat Bttad 

eartler. 
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OMprafBmdnwthedi«lh»uMofadanovifu$vMiors. Fortnmpl iM,6rif«ial.(19flS)Soc 
Nemsdence 21:838.5. Biiafly. adanmiml racombinam expmiion vactn prapmd by 9 iMie 
angineeiing of eomm ttially available piasmids such as thosa supplM by Micrebix Canada. Suitabi 
Inteetion conditions and multlpOcities of infacdon (MOI) may be datennlned In prstlmhaiy xperimants 

S using a ivportar gens such up^alactosldasa. and than usadfbreytoldnetra^ 

An advaiMgo of using a vbal vador la that the vector may (Irat be rspUcatad. and then an entire 
popuMionofeaOamaybaintaelMandatlared. Aooordbigly.genolicaOy altered cytokinasaefeliiqcoljs 
may be established as a oal line, or ■ ItasMy ottainad ceo isoWa tf can cultum Is aitarad d» no^ 
p>1or to use In a vaodne of tNs invenUon. in the laltsr instance, prsparatiort of the vaccine wodd 

10 adatlonafly comprise the step of transducing a population of ceHsallooeneic to the Intended ledpi^ 
a vector comprising an encoding region for a particular cylotdne of IntaieaL Transduction using 
odenoviral vectore and the lilw is especially prefsned when it Is desirable to achieve ve^ 
. q^toWne expression by the ganelicallyaltand cans. 

An even more prellsirad praisrrad method of genetic tflarilion is the use of e niioviral vector 

15 oompilsinge suitable eipession cassette. Non^mMngnusbalions are provided h the example section 

below, and may also be found in Sentln 1995b. 1N5C a 1906. Although tMsappreach may not acNeve 

quHe the same level of expression avaBabie m some other systems, a particular beneflt Is thai the 

genetically altered caB Is MgMystMem the amount of cytokine produced. This means that the level of 

•xpression can be chanctarlied exactly, and relied upon as a reagmt composition through multiple 

20 pisaages and dHhrant storage oondWona. In addllion. genetically altered cells may be prepared which 

m capable of producing cyloldne even allarinKtivatiOfl by lii^^ Die levels of cytokkw can be 

a^uslad upwards, where neeesaaiy. simply by Incnasbtg the number of genalicaDy altered cells M 
dosage. 

As shown In Examples 1-4. tumor Hnes can be created using the U(SN relrevirel vector that 

25 pre(hiee cytoMne at • tfabie and reliable levtf through multiple ceO dlvistons. levels of cytokine 
secreaon may be dstKmined by immunoaasay or bioassay. Cels with these pr^es are gmeratly 
pretsrred. since they can be Moctwmi caiV chawcterbMd and cBnleally tasted h advance. Aocortfngly, it 
is genereOypralBraMeto clone geneticaDj^enand cans end eslectMgh-praduoercto^ Supematantof 
1 X 1 0* celisM eUtured b) 1 0 ml meAim itar 48 heun et 37^ may contain the (oikMing pretax 

30 ofeytoUnes: IL-4. IL-2. TNF-o. the secreted ibrm of M^, or most othsr cytokines of about the same 
moleeuier mass are pretsraMy produced at least 500. more preiarably at least about 1000. avm 
prahiably at least about 2000 pgflRiL 6NKSF is prefsrebly produced at least 100. more prefsrebiy at 
taastabe(«200.ovenmorepNfMsHyatle8siabeut400pgftnL MombrenMssodaied cytokines. where 
the malortty produced ^ the cel.. sheiM be MesynBwsiied at a rate prelsrebly 2S«. mo^ 

35 SO%.videvenmorepiefBrably100%oflharangaobtdnedtorhigh4evalproducereoftheeecieted^^ 
It is also higMy dasbable that a substantial proportion of cytokin»pnoducing ceas remain viable 
end be able to secrete the cytokine of (nteieit after Inactivatlon to prevent proTifsretloa Praftored 
traabnenis halt deveiopfflent of at least sbout 95%. or more pretaraMy at leaat about 99f( of the ceOs. 
Typicaly. when using bradMlen. the levels requbad are 2.500 reds, more prefaraMy 5.000 reds, even 

40 more prefsnwy laooo reds, end silfl more prefsnbly 20.000 reds. The ceOs preHsrabiy produce 
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cytoUra 2 dayt alter liradlalion at 8 rato thit is m 1^ 

mora prafamtiiy at laast about 50%. stiU mora prefivably at laast about 100% oT tlia pr»4fradiatad lav I. 
wim standanSzad for viabia cal) numbar. 

Tha cytoktna producing calls can ^ ba modifiad in other ways. If dasM. In parfoiiar. th y 
5 can ba ^etically altered to express ad^tional pn^ins, including but not Itmitad to additional cytokinea. 
addttlonat tumor-associated antigans. or additional oaB-surtaca markers, such as adhesion molaculas like 
ICAM-1. histoeompatibiHty antigana. or oostlmulatlon markers Ilka the Seal marker B7-1 or 
Altamalhwiy or In addlttoa Itwy may ba (nocSffad so tt to proA^ 

proteins. Including muMpla copiaa of the same cytokine in membrana^ssodalad or sacrated Ibmi. or 
10 both. Transduction for expression of multipia proteins or multiple protein copies may ba co^^ 
concunantty or sequentiaOy. Mora than one genetic alteration may ba viawad as option^, and is not 
required for tha practice or this inventfoa 

Aasambly of tha vaccina: Iba vaodnaa of thia invention comprisa autologoua tumor ceils (or an 
15 altamallva source of tumor-aaaodatad antigen) end at laast ona ceil allogeneic^ 

a cytoUna a therapeutic importanca. As described oanier, certain embodmenia of this invantion 

comprisa a plurality of diffcMantaitoganalc cells, ea^ PrafanMy. 

tha cytokines produced by each diffbrentcali are amongst those listed herein. 

In one method, catt camponanta of tha vaccina are prepivad and oombinad in bulk at 
20 ratio(a) to provide suffldent oells fbr the antka course of baatmam envisi^ Tha mixture ia stored 

fimtu and aiiquoia are thawed sarfaiim Ibr each administration. This ensuree a consistancy amongst 

tha cafl raitoi 

To allow adjustments to c om p on ent s of the vaccine or tha ratios used, it is generally prefarabla 
to assemble the vaccine dose to the time of administration. Various cell populations may be collected in 

25 advance, and cukured or cryoprasarved as necessary to ensure sufficient numbers of ceiis for 
admkiisMlon and testing throughout the piarmed protood. 

It is important to remove any additional components used in preparing the oeHs which may have 
an unwanted affied In the subject In parttbdar, fslal calf serum. iMivine eerun contponents. or other 
bidoglcd suppiernents In the cuSurs medum ere typically removed so as to avdd an ^ 

30 reaction against them. TypicaUy. the cdl compor^ents of the vaccina are washed, such aa by repeated 
gentle oemrtkjgation. Into a suitable phannaodogically oompatiUe exdpient Compatible exdpients 
indude isoMc saline, wftti or without a physiologically compaflble buflisr like phosphate or Hopes and 
nutrianta sudi aa dextrose. phyddogiGaDy compatida lone, or amino adds, and varkxis cuitura madia 
suitable for use with lymphocyte populations, particularly thoae devoid of other immunogenic 

35 componenta. Catryirtg reaganta. auch as altMimIn and t^lood plasma fractiona and nonadive thickening 
agenta. may also ba used. Norv^ctive biological components, to the extent that they are present In the 
phannaodogicd preparation, are pratarady derived from the same spectea. and are even more 
preferably obtained previously Itam the subjed to be treated. 

The veodne compodliona of INa invention may optionally indude addittond active compone n t s 

40 working Indspendantiy or in concert witti ttta tumor assodatad antigen and activated dlogeneic oeOs. 
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Such opttoi* oomponenti ineludt but af» nrt liirtw to Wated or rw^ 
those xpuddy rafirrad to in this diMiosum, adjuvants, and othor caO typoa. Pratanad additional 
componanta am twefflus of the «. ftovfe strain Catmatta^uafln (BCO) or a«»acia 
thaAeOmycobaetarialantig noofflplaxCIMaaaatal.). 

A vaccine compotfion of this invention is daamed 'suitabla' (or sdnunistration to a human if 
raasonablo and aoeaptaUa atandaida have been talcen to ensure that the vaccine itself will not eonfar 
addHional major pathology on die lacipiant SldeelllBctaauchaalocaiinllafflfflallon.lndur«ion,orpaia 
or a fsMla raaponaa may be unawMaMa and am ganaraliy accaptabla If the traatmant ia othanviaa 
wccasaM in a substantial pnponion of patlanta. However, the oonvoaition should be masonaMy fkaa 
oft •) unmiatad end pathologieal WOctioua Of chemical aBsnts. paitlailaily *om the d«^^ 
alioganaiclymphocytea: b) undeslmble gromrths as may be generated or pfopagatad In tissue culture, 
such ea bacteria or bacterial toxins, myoobactaila, and vlnisas; c) unaccaptaMa levels of oncogenic 
agarta or aggraaaively growing cancer oeto not origin^ Itam the subject being treated; and d) 
eomponenta naWa to inWala or aliaci en undaaifable immune maelloo, particulariy anaphyla^ 
Particular testa tttat can ba uaed era Ksiadin the exampla secHonoftNa dlsdoaura. 

The compositions of the prssort lnva»«lon. and subcomponania themof may ba auppBad in unit 
dosage or kit Dwm. KOs of this invention can oomprtoe various compo ne n ts of a ceOular vaccine or 
phannaoeulicalcamposttionthereltor. provided in separate containem. The conUnem may separately 
contain calla or antigana auch that whan mixed together conaiituto a vacdna of tWs invent 
dosage or multiple dosage fbim. Pratored Uts comprise bi separata containars: cytokine-secreting 
aBoganeIc calla: and tamor-aasodated amigao from the humaa parllcularty primary tOT 
human, or progeny thereof. AftemaHveiy. the Uts msy oon^se a eel or ceU mixtum In one container 
and e phennsceutical exdpient in another container. Pmfened kits of this nature compriae cytokine, 
secreting aflogeneie cells in one container, and an exdpient in anottMr. The user can employ the 
axdpient to prapsre their own tumor endgen or autologous tumor cella. said prapaiation then being 
coinbined ««h the q^ioklno^ecrat^ cells fbr adminisMlon to a autjact 
kita of Ihia bivention typically mdude insbudlona tor storage, pceparatton ami admlniatralion of the 
composition. 

30 (^OFCBiuMwicaNnwiUNcwmMWBff- 

Tha eompoaittana of Ihto imwnltort may ba admMstorad to subleda, aspedaOy but not Umtted to 
human au^ada. They a» paitleulariy usaW tor elldling « immune msponae aginat a tumor- 
assodated antigen, or far tnaatingcmer. 
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Objeetivee Of treatment One purpose of edministoring the vacdne is to elldt an immune response. 

The immune rasponse may indude either humoral or oeOuiarcomponento, or both. Humoral immunity 

may be detonnlned by a stondard Iminunoaaaay tor antibody levoto In a seftjm sarnpto ftom the treated 
indMduat. 
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since oelUiiar immunity is thought t pliy an important rol in immune surv Uianoe of cancer, 
generating a coiyarimnume response la ftequentty a partieuiar object As used herein, a 

'cellultf immune responseMs e reeponse that invotm T oeOs. and can be observe 

A gensrai ceOular immune response may be meatursd as the 7 oaH pfoiifsrative activity in ceOs 

5 (particutarty PBL) sampled Itom the subject after vacdne administration. Inactivated tumor celis. 
pref^rat>ty derived the subject are used as stimulators. A non-^edfic mitogen such as PHAsenes 
as a positive control: incubation with an unrelated stimulator ceil serves as e negative conireL After 
incubation of the PBMCa with the alimulatore for an apprepriate period (typicaBy 9 days). ("HIlhynMne 
inooiporation is measured. If desired, detennlnadon of the subsM of T cells that Is proliflsreting can be 

10 pwfonned using flow cytometry. T cell cytotoxlcily(CTL) can also be measured. In this test an enriched 
TceOpopulatiofif^ the su^ed are loed as effectors in a standard ^^Crrsleas^ Tumoroellsare 
redidabeM as targets with about 200 of Na2**Cr04 lor 60 minutes at 37*C. followed by washing. T 
osOs and target cefla (*1 > lO^AweO) are then combined at various effector-to-target ratios in 96^, U* 
bottom platee. Tfie platee are cenlilftiged at 100 * g tor S mirttJtee to inltiale cell contact, and are 

15 incubated fbr 4-16 houre at 97*C with 5% CO^. ReMaee of '*Cr is determined in the supernatant, and 
compared with targeta incubated in the abaenoe of T cells (negative controO or w^ 
100 (positive control). 

Another purpoee of a<frninlster1ng the vaccine Is for treatment of a neoplastic disease, particularly 
cancer. Benefldat effect of the vaodne wID generally be at least In pert immune mediated, although an 
20 immune response need not be positively demonstrated in order for the compositions and treatment 
methods to fall within the scope of tNe invenUofii unless otherwise roQuired. 

Suitable aub^cta: The compoaKlone of this Invention may be used fbr edminlslratlon to both human 
and non-human vertebrates They provide advantages over previously available co m positions 

25 panicularty in outt)red populations, and pttliaJarty in spontaneous tumore. Veterinary applications are 
contemplated wHtiln the scope of tfie Invention. ^ 

Celhto veocines are deai^ied for uee in human subjects, and are espedaDy sui^ 
treatment The vacdnea may be given to eny human subtiect win the discretion of the manaf^ 
physidan. Typladiy. the euisjed will either have cancer, or beet substantial iM 

30 Typical Ittimansu^ects for therapy comprise two groups, which may be ^ 

crttaria. Patients with "advanced tfseese* or *high tumor burden' are ttme who bear a dinlcaily 
measirablehimor. A dinicafly measurable tumor is ons that can be detected on the basis of tunm mass 
(e.g.. by psipatlon. MRt CAT scan, X-ray. or radlosdntigrBphy: positive biochemictf or histopathetoglcal 
markere on their own are insufficient to identify this population). 

35 A vaccto composition embodied In thia invention is admi ni stered to patients with advanced 

disease with the o^edive of palliating their condltbn. Ideaily. reduction in tumor mesa oocureaa a result 
but any cfinical improvement constitutes a benefl Clinical im pro v eme nt indudea d e cr e ased rlsic or rate 
of progression or reduction in patholo^c^ consequences of the tumor. 

A second group of suitable subjects Is tomm In the ert aa the 'adjuvant group'. These are 

40 individuals who have had a history of cancer, but have been responsive t another mode of therepy. The 
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pflor ttwranr may tm indudsd (M it not raiWctBd to) surgical msedion, ndloVwrapy. tratttional 
ehemoihefBpy, and other mod s of immuneitwraw. As a rasuii. that Individuais hav no cHnieally 
measurable mmor by the daflnitian given above. However. Ihey are suspected of being at dsk tor 
fBcurrenca or progression of the disease, either near the original tunw site, or by metastases. The 
adjuvart group rruy be ftother subdivided into high-risk and low^iskM^ The subdivMon is made 
on the baais of toatuflsobsaivad before or after the Initial treatment These fbatures are knotm in the 
cfinieaiaita, and are suHaMy defined tor each dMsiant cancer. Paaturaa typical of Mgh rfak subgroups 
art thooa in which the tumor has bwadad neighboring dssuea. or wMch show involMmant of lymph 
nodee. 

« 

A vacdne composition embodied in this invention is administered to patanls in the a^uvanl 
group m order to elicit an anticancer response primaifly as a prophylactic measure against recunence. 
Ideally, the composition delays racwrsnca of ihe cancer, or more preferably, reduces the risk of 
racun«noa(Le..impravaa the cure mleV Such peramelers may be detemiined in comparison with oSier 
paHani populallana and otfwr modea of therapy. 

Of course, crassoim botNoen these aw pattern groups occur, and Ihe vacdne oonwosiltons of 
this invention may be edminlstared at any time that is appropriate. For exanvla. therapy may be 
conAided beters or durtag traditional therapy of a patient with high tumor burden, and eort 
tumor becomes didcally undetectable. Thempy may be continued In a patient who initially fell In the 
adluvant group, but la showing signs rseurenoe. 

Eiomplae of tumoiB Oiat can be treated by the composHona and methods of this invent^ 
mdude the following: panaeallc tumors, sudt as pancreatic durtal adanocarinomaa; lung tumora. euch 
aa small and large cen adenoeardnomaa. squamous can cardnoma. «d brionchoalveolar carelnoma: 
edon hffliors, auch aa epithelial adenocardnoma and their metastases: and fiver tumors, such as 
htpatoma and dtdan^oeardnoma. Also induded ere breast tumore. such es ductal and lobular 

■dsnocardnoma; gynecologic tumors, such aa squamous and adenocardnoma of the uterhe cervix, and 
(darina and ovarian apHhdlal adenocardnema; prostate tumon, sudi as piwtatie adenocardnoma: 
bladder bimors. sudi as transOlonal squamous odi cardnoma: hmwa of the f<ES system, sud) as 
nodular or dillUsa B or T eel lymphoma, plasmacytoma, and acute or duwite leukwda: skto 
as maflgnarw melanoma; and soft tisaue tumors. sud» as soft tissue sercoma and le l omyo sai ca Of 
aspadd mtersst are bram bjmor. sudi as astneytoma, oUgodandrogOoma, ependymoma, 
•"•Atfoblaatomas, and primltiva naurd adodamul tumor. Induded In iNs category ara giomas, 
globiattamas. and gfioaaroomaa. Alao of espedd Merest is ovarian cardnoma 

TTia Immune stahia of the bidvidual may be any of the foBowing: The IndMdual may be 
immundoglcdly naive with rsapact to certdn lumor^ssodaiad aniigana prssam in the oompodlton. h 
which ease the oontpodtlons mey be given to initiate or promote the mttoalton of an aMMumor 
response. The indMifcjel may not be ounantly exprssdng antMumor immunity, bu can have 
•wmmdogicd memory, partlcularfy T eel memory relating to a tumor-assodated antigen comprised in 
the vacdne, m wMdi case ttia compodUene can be given to sUmuiete e memory response. The 
mdhrtAial can dse have adhre immunity (dViar humoral or odhdar bnmumiy, or bodi) to a tumor- 
assodated antigen comprised in the vacdne, in whidicas the compoddons may be given t maintain. 
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boost, or malurateth response, or rocruitothor amis of the immun system. The subject should be at 
least paftfy Immunocompetent so as to minimize a vefsus host reaction of pathological scope. 
However, it is recognized that cancer patients often show 

notn cessartly prevent the use of th compositions of the invention, as long as the compositions may be 
5 given safely and effectively. Immunocompetence in the subject may be of host origin, or may be 
provided by way of a concurrent adopdve transfer treatment 

■odeaofadmlnlaMiDnanddoae: The oomposHlona this Invsntion may be administered to the 
sut)ject at any site, partlcularty a site that fe -tf star to or -distal 

10 The route of administration of a phannaoeutlcal composition may te 

subcutaneous, intredennal. intreperitoneal. intranasal, intravenous Cmdu^ via an IndweOng catheter), 
via an afferent lymph vessel, or by another route that is suitabfe in view of the tumor being treated and 
the subjecTs condition. BecauseofloMhtevslinftemmationorindurationthatmay occur fbr the few 
alter admlnlstretion, relatively noninvasive methods are preferred, paiticulariy subcuteneous routes. 

15 The dose given is an amouM*effsctive'bi bringing about a desired therapeufe 

the stImtMlon of en Immune response, or the treatment of cancer as defined elsewhere In this 
disclosure. For the phamiaceutical compositions of this Invention, effective 
range of about 10^ to 10^^ cells, including allogeneic cytokine-productng cefls. and autologous tumor ceUs 
or an equivalent thereof. Where a tumor antigen prspsrafion or tumor cell extract Is used in place of 

20 autologous tumor cells, the amourtf of tumor antigen present should be squivafent to what would be 
provided in the tovel of cells indioM. The number of autotogous tumor oeife may be adjusted to 
accommodate unusually high or tow tevels of tumor antigen expression. Where a plurality of altogeneic 
ceOs genettoaiiy altered to produce dHfeient cytokines is used, the range rsfefred to Indudea the totel 
number of such cells. The number of allogeneto cytoWne-producing celte is adjusted acoonSI^ 

25 level of cytokines produced by the oe&populatton. 

Preferably, between about 1(f to 1(i* d altogeneic cytokine-produting oelte an^ 
autotogous tumor cella are used: more prsferably between about 2Hl0Pand5>il(fcellsin each cefl 
poputetton to used; mom preferably between about 5 > IQP and 2 » 10^ cslto to each p^ 
even rnore preferably between about 1 « 10' and 1 » IOP celto to each populalton m MuRlpte 

30 dom. when ueed to connbinalton to aohteve a desired effect each fWI within the deA^ 
amount 

The varioua com p onente of the csituter vaccine are present in an 'effective combinelton'. wMch 
means that toere ere aufRctomarnounte of each of the components tor the vaccine to be elM This 
win depend not only on the absolute nuntoer of cens, but etao on the ratio of the various CM 

35 the vaccina one to another. Prefened raltos of totel altogeneto cytokine^secreUng cells to autotogous 
turner cells or equlvateM ere 100:1 to 1:100, more typtoslly they are between about 
more prefsrably they are between about 10:1 and 1:10. still more prefisrebty Ihey are betwew about 3:1 
and 1:3. Often more ^portent th«i the acturi number of cytokinoisroducing eels used is the 
btosynthetic capability of the cells; fewer cells betog required where the btosynthetto capabflity Is higher. 

40 Prefisrabiy.theelidgenetooeRsinadoeeofthevaocihearecapabtoofsynthes^ 
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mora pwfwawy at laart aboirt 0.5 no, mom prtto^ 

about long of thacytoktna of intarast during a 1 hour in^^ VVhara 
apiurB!ityofdHfOTntcytoldnai)rodudngc8l)8amu8ad.m^ ^propriat lavalsof 

bMogicai actMty; typically batwaan 25:1 and 1:25. mora usually batMan 5:1 and 1:5 on a molar basis. 
5 Oalarmlnatlon of optimal can dosaga and ratios Is a mattar of rou^ 

axampla sadlon balow. and ^Mttiin Ifia skOI of a praclitionar of ordinal skin, in light of tha instnictions 
providad haii^ 

For ambodimanta of tha invai^ whara tha vacdna oonsists assantially of oaBa autologous to 
tha patent axpraasing a mambrana cytokina. tha numbar of oells la baCwaan 10* and 10" par dosa; 
10 mora prateably batwaan about 4 » lO» and 1 « 10* caOs par dosa: mora pratonbly batM«an about 
1 « 10' and 4 B 10* calls par dosa avan mora prafarsbly batwaan about 2 « 10^ and 2 » lo" calls par 
dosa. Multlpladosaa, whan usad in combination to achiaw a dasljadaf!W,aa^ 
of an afltedva amount 

Tha phannacautlcal oompoaitiona of ihb tnvantton may ba ^ 
15 orlnoombinalk)nwHh.othariharaplaaralatingtoganarBltogani^^ 
thasubiacL For axampla. tha aubjad may pravlously or ooncufiart^ 
radiation tharapy. and otharfomris of immunotharspy and adoptlvatransf^^ ExamplaTdascrfbasthauaa 
of a vacdna of thia Invantlon In combination with s^ 

asplatln«ycSophaphamida, Ciaplatln/Cyctophosphamlda^DoxorobidnorTaxol^ Whara audi modafitias 

20 ara uaad. thay ara prafisrably amployad inawayoratatfmathatdoaanot intarfera with tha 
inuminoganldtyolthaoompositionaofthlainvanti^ Tha autjad may alao tava baan adMnistarad 
anothar vaccina or othar oomposftion in ordar to stimutata an Immuna raaponaa.. Such altamatlva 
compositions may Induda tumor antigan vaccinas, nudaic add vacdnaa ancodlng tumor antlgana, and- 
Wlotypavacdnas. and othar typaa of caUularvacdnasJnduflngcytoUna^rasdngtumo^ 

25 In a partteutar ambodimant tha subjad wiO hava pravlously baan tiaatad with an inlra-tumor 

iinplant of stimulatad aHoganalc lymphocytaa. audi aa is 
9M9394. Combination pretDodswharainanolharmoda of vaodnation or oth^ 
following a^mnlstradon of an autdogoua tumor oalMlloganaic cytoMna-sacraUng cafl vacdna, ara 
ambodisd in tha prasant Invantioa 

30 TWng of admlnlatratlon Is wHhln tha judgment of tha managing ph 

0ilcal condition of tha patiant, tha o^iactivas of traatmant, and concunant tharapiaa also baing 
admlntataiad. M an appropilM tlma In patiant managernanl an Initialing dOM 
la momtorad for atthar an bnmunotogical or dinlcai rasponsa. oftan both. SuHabta maans of 
immundogicd monitoring induda a on»wy MLR udng patlanrs PBL aa raspon^ 

35 calls as stimulators. An immunological raadton may also ba manlfsst by a dalayad Inflammatory 
•asponsa at tha hijadlon sita. Sultabla maans of monltortng tha tuma ara saladad dapanding on tha 
tumor typa and charactaristics. and may Induda magnatie rasonanca imaging (MRI). radiosdntigraphy 
wim a suitabia irnaglng agam. monitorfng of ditulating tuma rna^ 
mponsa. An axampla of an appropriata dinlcai rnartar la sanimCA-125br^ 

40 ovarian cancer. Hampling at al. (1903) J. &i» Oncrt 54:38^. Additional dosas may ba ghran as 
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appropiiatt. typically on a monthly, samifflonthly. or prekreMy a mekty basis, untti tha d sired affect is 
achiavad. Thamafter. and paittoularty whan tha inununological or clinical banaM appaais to suMd . 
additional boostsr or maimananca dosas may ba given as raquired. 

Wtm multipla dosas of a oallular vaccina am given to tha sama patient, some attention should 
5 ba paid to tha possibility that tha alloganaic lymphocytes In tha vaccina may ganarata an antMlotype 
reaponsa. Tha use of a mbdure of alloganaic caOa a plurality of donom. a^ 
aUoganeic call popiMions in aach dosa. aia botti stratagies that can hatp 
anti-aUotypamaponsa. 

During (ha couiaa of tharapy. tha su^ad Is evaluated on a regular basis tor side affects at tha 
10 injection sita. or gmral sida affteta such as a Mrila response. Sda afbcta are managed with 
appropriata suppoitive clinical care. 

Cmximes 

IS This invention Indudes tha caannas listed In the Table balovv. Thasa celt tinea are prodded and 

dascribed fbr the oonvanienca of tha prectitionar. and may be used, irtfar 0/^ fbr tha preparation of 
caitain vacdnas of this invention, a tor methods of treatnwm of this Nona of tha calllinaa 

Hated ia required tor the general pracUca of tha invenlion. except in particutar embodimants where a ceil 
Una is axpidtly required. 



TAHii't' 


OMtgmileii 


ynBDl . 


Oaacflplloii. 


ATCC 


UCM07EIL-46S 


Ovarian caidnoma 
caannaucMor 


genetically fldlared tD 
es^raaalM 




UCM07M6M«SF<MP8 


geneticatly altered to 
express 6M-CSF 




UC(-107AIL-2AS 


genetically altered to 
6)9resslL«2 




AC8T 


GDohiistoma call line 


parental 
can Una 




ACBT/TNF-O 


geneticaOy altered to 
express TNFkx 




ACBTilL-4-T 


gafMticaBy altered to 
express IL-4 




ACBr/l*2'C2 


genetically atlared to 
axpreaalL4 




ACBT/6MCSF4M 


geneticatly altered to 
express GM<!SF 





Upon allowanca and issuance of this application as a United States Pat^ 
availability of tha dsposHa wlO ba imevocaWy removed, and aooass to tha designated deposits win ba 
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avaOabta during pendency of the abovMamed appflcaSon to one detemtlned by the Commisaioner to be 
entilled thereto, under 37 CFR§ 1.14 and 3S use §1.22. Moreover, the deeignated deposita win be 
maMaM tor 8 period d tMrty (30) yearn tarn the date of deposit, V 
requeat Ibr the deposit or ftor the enbroeable life of the U.S. patent, 

5 

The examples presented btiow ara provided as a fitfther guide to a practitioner of ordin^ 
in the art and are not meant to be limiting in any way. 

10 

A human ovarian cancer cefl iine waa ganetiealiy atterad to secrate IL-4. using a retroviral vector 
comprising an im encoding oonatnid The ceObie was stable, and capable of biosynthesis even 

15 after an inactivating doae of radiation. The eeO line expressed MHC Class i and Her.2meuantlgena. but 
no MHC Clasa II antlgena. ICAM-1, CA*125. or IL4 recsplora. 

The hunm ovarian cell line UCM07 waa established (tarn a previa 
primary Stage III serous papillafy adenocarcinoma of the ovary. The UCH01 aid UC>-107 oeU lines 
have been previously characterized (Gamboa-Vujicic et al. Submitted. Gynecof. Oncol,) and were kindly 

20 provided by Dr. Alberto Manett8(Unhmity of California. Cella were maintained 

«t arc, S%CO^ in complete medta (CM) containing rV)MI1640(GI^ lOperoent 
fetal bovine senm (PBS, Gemini Btoproduds, Calabassaa, CA), and 1 percent penic«infetreptomycin 
sulfelednrine SdentHlc. Santa Ana. CA). 

Retroviral vectors were constructed as follows: The pLXSN plasmid was Idndly provided by 

25 Dr. A. Dusty Wfler (Fred Hutchinson Cancer Center. Seattte.WA)^ This plasmid. derived from a Maloney 
murine ieulcemia vinjs (MMLV) contains the neophosphotransferase gene whose constitutive expression 
la driven by the SV40 enhancec/promoter, the y lebovM LTR of the bttegrated vector drives the 
axpressionofaninaertedgene; The human L4 cONA was obtained ftom ATCC in the Ok^ 
Berg pCO cloning vector, and wee excised using BamHI restriction ens^ Okayamaetal.(1983) Md/. 

30 Coft BfoA 3:228-289. The cONA was then ctoned into the BamHI restrfctfon site In the rnuttlpfe 
region of pLSXN. Proper orientation of the cONA was detannlned by dla^mlforesblc^ 
digests. Once oonabucted, retoovlrBl plasmid DNA waa then purified by CsO gra^ density 
cantrffUgaSon. 

Purified retroviral plasinid DNA (LXSNAU) waa uaed to transduce the murine esotropic 
35 packaging caU fine 6P-E88 by the calcium phosphate method. Foity-eighMiour supernatant from these 
ceiis was then used to infect the murine amphotropic-packaging cefl line, PA317. The PA-317-packagtng 
celt line was obtained from the ATCC and maintained in CM. Transduced PA317 cells were selected by 
resistance to 6418. Isolated dones were expar>ded, ali^ioted, and frozen under liquid nitrogen In a 
master ceO bank. The supernatant from a transduced PA317 done, containing infectioua, replication- 
40 incompetent retrovirus, was used to infect the human cardnoma cell lines. Briefly, human ovarian 
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caronomaoetl lines miB seeded in 100^ cultum dishes « densities of 1 x 10* cells in 10 ml 
CM and incuMed for 4hr at ZTC. 5% COa to aBosr edhersnce. Alter incuMloa the medhm was 
aspirated and replaoed with 5 ml of 2% potybien inphosphate^iiflMseline(PBS).(AldrtGhChemM 
Co. Inc.. MDwaukee. Wl). After 30 min at 3rc. 5% CO,. 10 ml of retroviral supernatant wae added, and 

5 retrovirat-madlated gene transfer was accomplished tyy ovvnigm fncut)aiion. Supematants were then 
aspirated and replaced with CM. Alter an additional 484^ incubation in CM at 3rc, 5% CO], setedlon of 
transduced dones was accomplished by culture in CM containing 0.075% Q418 (genetldn. Gibco Ufs 
Technologies). Clones were isolated alter 14 days using sterile 8x6 8-mm cton^ ^finders (Belco 
6lassJn&.VIn6land.rU) and expanded fbr 3 weeks In CM Gontaini^ Parent cell fines were used 

10 as positive controls for 6418 resistance. Alter clonai selection in 0418. Iranaduced ceil llnee were 
rstumed to CM for expansion and sti^. 

Ceils were established in CM at a density of 0.5 x 10* ceUs/10 ml in 100 mm tissue culture 
dishes. Ceyoountswsreconductedeveiy 12, 24.48,72and96hours,and1heriumberofvl^^ 
was determined using trypan blue exclusion. Expsitments were conducted to oompers the growth of 

15 non^rensduced (parental) and transduoed tumor ceU llnee end to evelualB me level of cytokine 
production over tkne. Supematants were collected end ftoien at -20*0 (for subsequemEUSAeval^^ 
of cytoUna levele) end culture dishes bypelnized to detennlne cea c^ 

Parantal, IL-4 transductants; and vector control cells, were seeded in 100 mm tissue culture 
dishes (Coming) at a density of 1 X 10* ceOsM in 10 nri CM. After 48 hour incub^et3rc. 5 percent 

20 CO2. supernatant was aspirated, rendered cell-free by centrMigation at 1.500 rpm for 10 minutes* then 
storodat-20X. lU concentration wae then detemiined by EUSA. emptying a oommorcieOy^ 
ktt(Reeeer€hADiqnostfcSy8teme.Mlnneepolie.M]nnesote). Table 2 shows ttw level of secretion of 
imerieuldn4 1^ donee of genetically altered human serous papiUaiy ovar^ 
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TABLE2 


TraiMdiictd UCM01 elMM 


Truisduced UCI-IOT donee 


OMlgnatlen 


M pgftnL 


Deefgnetlofi 


IL^pg/mL 


■ •:. A • 


140 


A. 

n ■ 


As 


B 


(not deteciable) 


D 

D 




c 


49 


/* 
W 


OA 

90 


• 0 


40 






•E 


St 


• 'E 




■■ .8 . 


93 


F: 


vV 


H 


38 


6 




1 


93 


H 


513 


L 


42 


L 


170 


M 


32 


. • 11;. 


297 


N 


(not detectable) 


N 


265 


0 


(notdetecttMe) 


P 


330 






Q 


615 






X 


79 






Y 


66 


Averag* 


511 


Avenoe 


268.6 



As expwied. each parental line and cells transduced «Mlh vector atone did not produce 
detectable levels of im. The best IL-4 producing done, temted UC1 1076 IL-4 GS, was expanded and 
employed to Ibmi a master ceO bank Ibr fMer testing and extensive charaderlzalim 

TI» parartal ceB line UC1 107 has ti»e characteristic morplwlogy of ovarian epithenal c^^^ 
iffvfta Th»inoipholo9iforuCil07eallstransducadwilhlhelJ(SNvectoratoneorUSNco^ 
lU gene waaindstlnyiishafaleltam that or parantal 107 oela. The doubling flme of parental, vector 
control, and (Kl 107E iU GS celia waadatoimbiad to be 15.3, 15.7. and 1&6 hr. raspedively. 

ngurel shows the growth and lUsecralton by uai07E IL-4 6S cells. No changes in the 
Owwth fate of these alls have been obsewed/irn^*o over 35 passages and 6 months of culturo. Levels 
of tt.-4 produdtan war* oonslstortly In the range of 900 to 1300 pgftnWIO* cell8/48 hr during the 6 months 
orpasaage. Ejdanslvetostopeiteined on IheuaiOTEM 08 master eaObanH(MC8)rwealed that 
Ms Una la ftw of the pnsenee of myooplasmi, bacteria, and mfadious vfeusat. 

Southern analyala waa conducted wingawNae^ganatoprabalhaUaiOTEimandthe 
parartalUC1 107 line. Brtofly, concentrated suspenatons of tissue cuttura celt waiwlysad in TNEbufhr 
(10 mM Tris, 100 mM Naa. 1 mM EOT^ pH 7.5) conteirMng 0.5% SOS. traated with SO MgAnI proteinase 
K ovemigM at 3rc. then extracted with phenol and ehlorofbmi. The ONA sotulton was predpiteted In 
100% alhanol, spootod oitf and nsuspended in lOmM Trte. 0.1 mM EOTA (pH8). Ten pg of high 

motocUar weight ONA was digested with Sail (GtBCOSRL. Grand Istend, New YortO, separated by 
rt^TBphorasis on a a6% agarose gal and tranatenad to Gene Scraen Pkia (Oupont NEN. Bostoa 
MassachusMte). Trenster, hybridization, and washing wera peribnned accord»« to manutecturar's 
spaciflcaB ns. Rndom primer IL-4 probe was praparad by the method of Tabor and SMil (1986) In 
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Cuimt PiQtocolt ^ Md. Biol. vol. 1:pp 2.2.1*2.2.3. The results confimied that sft r 20 passage . 
UCMOTElUstiBcofTtainatfth vector ONA. 

Stability Of IL-4 saoetton to inatfation was tested as foBam: Calls were inatfiated In a 15 ml 
conical tube in CM at room temperature with gamma rays (Cesium 137) at a dose rate of 

5 200r8d8/mimjte. Immediately after iiratf^icm. ceils were seeded in a Petri dish ojlturepl^ 

of 1 X 10* ceils in 10 ml of CM. Test doses of 1.000 to 10.000 rads mm applied. Irradiated ceBs were 
cultured at 37*C lna5%C03 atmosphere and the medium was oompletoty cttanged every four days in all 
thetfshas. Every 46 hours, culture s u pe ma t an t s wsra collected ftom the dish for cytotoe production 
ar^ the number of vtaHe cefls was assessed by Oght microscopy by trypan blue exclusion. 

10 Results of this expeifment are shown ^Figurs 2. Cella irradiated with between 2,500 and 

lO.OOOradsremained viable for about 8 days but aB the cells were dead by 3 weelcs. Cells irradiated 
with 1.000 rads recuperated and continued to proGfsfBte. Levels of cytoidne production were d^ectable 
fbr 8 days at all doses and closely paralleled the number of viable celts. Panel 6 shows im production 
after irradiation at 5.000 rads (□) a 10.000 rads (!) in three separate experfmen^^ Panel C shows tL-4 

15 production standardized in pgMiV10'cell8/48hr by UCI107E 14 GSceOea^^ 

10.000 rads in two seperale experiments. No statisticaOy significant dMkrenoes in survival were seen 
among cells inatfated with 2.500. 5.000. and 10.000 rads on daysZ (p « 0.72). 4fp« 0.14)..6 (p » 0.10). 
and8(pa0.3). 

Proteins of the major histocompatibility complex, edhesion molecules, and tumor*associated 

20 artfigeru such as CAr125 are important for both rscognition and destaiction of tumor cells by the immune 
system. Accortfngly. expression of rsprssentative antigens was examined by fluorascence-acthn^ 
sorting (PACS). Monolayers cff parental cells, vector controls, and iL-4 transduced cells were harvested 
with 0.1H trypsin and 0.2% EDTA. HaivestedceOs were fhoresoently labeled uaing the following prto 
antibodios: anti-HLA dass i and anti-HLA dass II (monodontf antibodtes (mAb) WS/32 and CRM3. 

25 respectively; Accurate Chemical and Scientific Corp.). antl-ICAM*1 (mAb LB-2; Badon-Oiciunson): anti- 
CA-125 (mAb OC125; Signet t^aboratories); anti44ER*2/new p1B5 (mAb TA-1; Oncogene Sdence). and 
anti-IL-4*recsptor (Genzyme Diagnostic). 

The expression of surface antigens detected by FAGS analyaia Is iustialad in Figure 3. 
Parental ceOs, vector oonbols. and 1 07E tL<4 GS ceils constiludvely express MHO dees t entigena and 

30 Her.2/heu. but « not express MHC dau II antigens. CA-125. ICAM-1. or IL-4 receptors. Expression of 
surfsoe antigens was also determined at 2 or 8 days after inadlation. MHC dass I antigen and Her-2/new 
antigen expression increased si^ificantly at aU radiation doses, and tended towanis higher expression at 
htgherdoses. Irradation did not induce expression of HLA dass II antigens. ICAM-I. or CA-125. 

Collsctively. these resulta Indlcata that UCM07E IL-4 GS cells conatibite a stable lL-4 secreting 

35 ceBQne. TheceDscanbeirradMtostoprspiicationellsdlvely.yetmai^ 
week. 
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A human ovarian carcinoma ceO Una (UCM07) was ganeHcally anginaared to Mcraia human 
cytokine grenulocyta^aoophage colony atifflulatlng fMor (G«*CSF). similar to tha method dasoibed in 

5 Example 1. One clone, tanned UCM07M GM<»F4«PS. conslitutively secr^ high levaia of 

(-500 P9Ani/10* cells AS houre) Ud-IOTM GM<:SF-MPS calls exprass MHC Class I and Haf2Mew 
aurtaoa antigens, but do not axpim dalaciaMa MHC Class HMCAM-I or the tim 
CAr12S. After a iwlialion doae of laoOO rads. GM^ sacralion conUnuad un^ 

Tha ctioiea of Iranadudng an OMrtan oucinama caO Ina wim ihe 6M«SF gene ^ 

10 in BgM of the importam role of <»«^ in the maturation and function of spadtfindanligan-p^^ 
eaOa. is one of tha most potent stimulalon of systemic anU-tumor Immunity. 

The pUSN plasmU is described in Example 1. lite human GM^F cONA was obtained from 
Urn ATCC in the Otnyama and B«g pCD ctoning vector, and was axctsad using BamHI restriction 
anzynw. The cONA was than doned into the BamHI restriction sita in tha muHpIo doning region of 

15 pLSXH. Propor orientation of the cONAwaadalanirinad by dlagnoatlcrBatricllonandonuciaaaedH^ 
Once eonstnided, rsiravirBl plaafflid DNA was than purilled by CsQ gradM dansiiy cenMfbgaiiM 

Purified retroviral plaamid DNA (IXSNffMCSF) waa used to Irsn^ tha murine esotropie 
packaging can One GP-EB6 as befbf*. Forty^ight hour supemetant (tam these calls was then used to 
inIM the murine amphoiropic packaging eel Bne PA317, and seieclad by resistance to G418. The 

20 supamaUnt ftom a transduced PA317 done, containing Intocttous, rsplcallon bwompetant rstrovbus, 
was used to infact the UCM07 oefl Hno. Altar donal saledion in 0418. bansduoad cell Onea warn 
rstamsd to CM (or expansion and study. 

Parantal, GMCSF iransduetsnts and vector oonliol ceOs, ware seeded inlOO mm Ussue culture 
dishes(Coming)stadansilyof1 x10*eell8/Min10mlCM. Aftar48hbwubatlonat37*C.5%C02, 

25 aupematani was aspiratad, eantrifkiged at 1,500 rpm for 10 minutes, then stored at -20n:. GiyKSF 
eoneenbalion waa datennined by ELIS\ employing a oomriierelaliy avaBaMa Ml (Ra^ 
8ystama.Minnaapolis,Minna80t^ ThebtologieadivltyerQM^SFwaameeauradinaeanproMmtton 
assay using • GMC8F tKior-4tapandanl humen oal Ina^ TF.1. provided by Or. 
andOlagnostteSyrtsms). ThalavalofbiOlogieadlvllycairslaladwttithelevalefGlitCSPdetacladby 

30 EUSA. 

Culbm of aed) transduced IJ(SN-GM«SF done and LXSN vector conbol were established ftor 
48 h. and ttia made tasted for the presence of (MKSF. As expeded. paiantai UCM07 caOs and calls 
liansduoad «Mh the IXSN vector aiene dU net preduee datodaMe levete of 6I»CSF. 
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TABIEJ 
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DttlgnitiOR 


OMCSPpg/ntf. 


A 


55 


L 


126 


A1 


15 


LI 


149 


B 


25 


M 


420 


B1 


98 


Ml 


97 


9 


e 


N 


31 


CI 


7 


N1 


83 


b 


83 


0 


79 


01 


73 


01 


115 


E 


7 


P 


31 


El 


81 


Q 


49 


F 


S 


R 


35 


F1 


21 


S 


notdatodabla 


6 


47 


T 


74 


01 


39 


U 


34 


H 


13 


V 


noldalBctsbis 


HI 


134 


X 


8 


1 


86 


Y 


146 


n 


12 


z 


22 



Of 36 donn Originally selactoA the highest 6MCSF proc^ 
CSF<MPS. was expanded and employed to tonn e master cell bank for Mher testing end extensive 
characterizations 

5 The parental cell One UCM07 has the charscteristlcmofphdogy of ovarian epithelial 

invHro, Themorphologyof UCM 07 oeOe transduced with the USN vector aim 
GM-CSF gsne wae indistinguishable from that of paiental 107 cells. The doubling time of the pemntal. 
vector oontiQl end UC M (myi GM^4IPS ceOe was approxl 

Over e period of 6 monthe end e total of 35 passages, levels of 6IMSF production by UCI- 

10 107M6M-CSF4IPSweraconaistanllylntherangeof420to58SpgM1oPcel^ TheGllKSF 
secreting done was eveluated fer suocessy gene insertion by Southern hybridizato 
of the cePa. and the presence of the Inserted gene was conffnned. 

To detennlne the stabffity of QM^F secmtfon altar Irra^on, UCt-107M GM-CSF-MPS ceils 
were irradiated erNi supemalvits ftom individual sukwutlures were evaluated for cytolclne pro du ction. No 

15 ellMs on eel grewlh were observed at dosee of tea then 1.000 rada. At higher doaea. appro)6mateiy 
90% of the celts were viable 48 h alter inadation. with 30% and 10% viaUKty at 4 and 6 daya. 
respedively. All ceOs were deed after thfee weeks. No statisticaily significant differences In siffvlval 
were seen among cells mediated with 2.500. 5.000 or 10.000 rads. Secr^on of GM-CSF continued until 
about day 8. suggesting a decrease but not e complete inhibition in the biosynthesis and release of the 

20 cytokine in oeOssumvingirrBtfatlon. 

The expression of membrane entlgens was examined by FACS analysis on parental. LXSN 
vector control and UCI*107M GftMSF-MPS ceUs. Ail throe cella constitutively oxpross MHC aass I 
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antigani (pvmtal e«ilK «7.S%. fMn^uorwotnn index (MFI) • 33^; GM«SF s 92.9%. 
MFI - S3.8): Hsr^AMU. (9$.8%. MPI - 20.8: an* 93.3%. MFI • 2Z1% fMptdivriy). but did net aipreM 
MHCCIattlldetenninams.CA-l25orlCAM.l. IDepradudionorGM^SPerthepreMnweftheLXSN 

vector had no detectabia effect on Ihe expression of lAese antigens. Increased expression of MHC Class 
5 I and Her-2/heu surfece antigens was observed in irratfated ceOs conipared with the non^nadialed 
eortwh. 6aim»aiiT8dialion« not Induce neo<xpressiO(» of aniigene not original^ expressed 
panniai ceOs: in pnticular. HLA Oats 11 antigens, ICAiyM or CA.125. 

EXAMPLES; AnwAm»iieuieaemj.uimimmucantxpim &•} 

10 

A human ovarian carcinoma cell line (UCi-107) was genetically engineered to secrete the 
cytokine intoi1eukirv2 (IW), by rrtoviral mediated gene transduction similar to the method outlined in 
Examplel. We Bnewaetianadueedwlth the WSNretrovlml vector containing the human IL-2 gene and 
the noofflydn leaiatence seiecilen maitter. One done termed UCI>107A IL-2 AS. was shown to 

15 oonsliUlveiy socrato high levels of IL-2 (Le.. 2.000 to 2.300 pgAnVIO^ osOsMO hein) tor ovw 3S 
passages and six months of study, umilce parantel and vector hansduced ceOs (both of which were 
diptoid).UCM07A 11-2 AS tailed to express MHC CteM I and Her2rt<eusurt8c»anllgene. InaddHion. 
UCH07A IL-2 AS ceBs exhibited a dWinet in vOm morphology, and were resistent to gamma irradiation. 
The human IL-2 cOHA was obtebied from ATCC in the Ckayama and Berg pCD doning vector 

20 andwaaexdsedusingBamHIresirictiOBeniyme. TltecONAwaathendonedintotheBamHIre*^ 
liteinihemuiiipladeningiegionorihepLSXNptaOTid. PreperorfenteitonorihecONAwaadeteimined 
by diagnostic reslricttonendonudeasedigeste. Retroviral ptesmid DMA waa purHtod by CaCI gndient 
density cenMbgation. 

The purified retrevirei plasmid DNA (U(S»WL-2) was used to transitat the murine esotnpic 

25 padagingceOHneGP-ESO by the ealdum phosphate mamod. Forty-eight hour supematent Itam these 

cant WM than used to htect the murfnie amphobopie padtaging can Ine. PA317 obteined ttom ATCC. 

andsetodadbyradstencetoGenelidn. UCI-107 eels ware seeded into 100 mm tissuoajlture dishes at 

densittesaflxlO^celtolnlOmlCM. 10ndofiebmirBlsupematenlwaeadded,andbKubtfadwflhthe 

cans ovemighL Ctonee were isotetod alter 14 daya and expanded tor three weeks in CiW conteWhg 
30 G418. 

IL-2 eoneertwllon in done supematente waa detemlned by EUSA. employing 8 eommertiaBy 
ayaitebtokit(ReeearGh 8 Otagnoalk: Systems, Mlnneepolls.Mlnnesote). Ibebiotogieadivifyof IL-2w8s 
ntaasured In e ce8 praHteitfan essay using an IL-2 dependent murine cytotaxto cdi line. CTU-2 
mMH by Or. Monica Tseng (Resaaich end Oagnosiie Systems). The level of biotogic activity 

35 correlated with the level of IL-2 detected by EUSA 

As expected, perentel UCi-107 ceils snd ceOs transduced with the LXSN vector atone did not 
P»oAice detectebte tevtfs of IL-2. Of 13 clones selected, the highest IL.2 producer, temwd UCI-107A IL- 
2 AS. was shown to have a tovel of IL-2 predudton conslstenUy In the rsnge of 2,000 to 2.300 pgftnl/10* 
cdtaMOhoun during the six memhs of the obsenaiien period. TWs done was expanded and emptoyed 

40 to fMm a masiarcal bank for ftirthar testing and eharactertutlon. 
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The morphology dUChlOToens transduced with tt^ . 
thatoTpararMUCI-lorctfls. In contrast UCI-1 07 cells ooma^thoa.-2g no xhlblted signilicently 
eiterad nu)fphology. being ntuch mora splndle"8hoped then pventfll cells. The doitf Ing time of psrentBl« 
vecU)r control and UCM07A1L-2AS cells wBssppraidmstely 20 to 26 houre.sts^ r35 passages 
5 andBmonthsofoultura. 

The IL-2 secrating done transduced with LXSN-IL-2 and selected in G418 wm evaluated fbr 
successful gene inseition by Southern hybridization probing fbr the Neo" gene conflmied the presence of 
the retroviral vedor In the genome of the transduced yci*107 eels. 

lntrnMlontests,noefhGlsonce8growttiiimobsenredatdosM At 
10 doses of 10.000 lads. approximately 00 percent of the calls warn viable 48 houra after irradiation. 45 
percent aftsr 4 days and 10 percent ^ter 6 days. Ail the cefls were dead after Ihrae weeks. lL-2 
production was maintained at high levels for about 6 days, after which cytokine secretion rapidly 
decreased parallel with the viable cell number. 

Parantal UCI-107 ceOs and vector control cells express MHCCIess I antigene. S7.5% and 04.8% 
1 5 respectively; Her-imeu. 05.8% end 94.3% respectively: but dki not express KMC Claaa II detonnlnanta. 
CA 125 or iCAM-1. In contrast, UCI-ia7A IL-2 AS calls ad not display any of these antigens at 
d etect Bt>ie levels. 

Sevwi and ei^ 7 week<old fsmale BALB/C raide mice, respectively, wera ir^ected i.p. with 
10x10* USN vector control or UCI-107A IL-2 AS cells, and the animals wera followed for eight weeks to 
20 evaluate tumor fbmiatlon. Vector control cells fbnned large soUd tumor nodules wHhln 3 weeks after 
Iniectlon. and an the animals tfedwRhIn 25 days. In conbast, seven of eight nude mice Nected with UCI* 
1 07A IL-2 AS cene remained ellve end tumor^Hnee after eight weeks. 

Susceptibility of bmm to lysis by ftahly Isolated PBL ftom nomnal dono^ 
18-hour **Cr release cytotoxicity assays and lon^enn cytotoxicity assays (Rnke et al ). Cytotoxic 
25 activity was obsenrad against UCM07 parental and vector control cefls at fbu^ tn contrast, the 
UCI-107A lL-2 AS cells wera kiUed only after 18 h or longer 
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TABLe4 


■ TkiBitCinEinpieyid 


cflictor 
loTiigttRitIo 

(BiT> 


4hr*'Cr 
Amy. 


Hhr^Cr 
Auay 


72 hr Long 

Twm 
KBOagAnay 


uaio7 


25:1 


28.0 1 1.1* 


42.3 ±2 


44.5*2.5 


PAREKTAL 


10:1 


2.0 1 1.6 


13.7 ±3.1 


11.0±0 




5:1 


2.7 1 1.2 


2.7 ±1.2 


0.0 ±2.0 




2.K1 


0±0 


0±0 




uoior 


25:1 


29.9 1 2.0 


42.7 ±0.9 


48.5 ±5.5 


USN 


10:1 


6.2 ±1.0 


ia8±6.7 


18.0 ±6.5 


(vodor oontrai) 


, 5:1 


2.5 ±0.6 


1.6 ±1.6 


13.0 ±6.0 




2.5:1 


OiO 


0±0 


not done 


Uai07A 


25:1 


0±0 


54.4 ±10.4 


76.0 ±0 


IL^AS 


10:1 


0±0 


26.4 ±1.6 


75.0 ±0 




5:1 


0±0 


^4±2.4 


69.5 ±0.5 




2.5:1 


bio 


0±0 


not dons 


*MMntSO 





Itm mistance ofthe UCI-107A lL-2 AS cell to cytotoxic killing In these *i Mo assays may 
provide an advantage to the use of these cans in va^ Iheladcof as^pressionoriUIHC 

aass I, Class II and ICAM-l artlgens may reduce the antkaPoganeie response that would ordinarily 
5 eliminate ce8s of the vaccina. 

SXAMPLE4: CrrMMMxpRessiMMau/vauoaLU^ 

In mis example, human g»ct)lastoma cells Mere genetically aR^ IL-ZIL-4. 
10 orQM^F. Theenginemdceillineevrarecharactaftedllvpolsnlialuaelnvao^ 

Ahuman tfiobiastoma cell line dasisnated ACBT was established as Mkm: Tumor tissue was 
obtained SI the time of surgery ftom a 42 year old mala patiam 

the right temporal lobe. Tumor tissue wes minced into 20 mm pieces and digested ovantight in 
colliganase(SigmaChemlcelCa.N.J.). The cefl suspension waa than titeied through a sterile 100 

15 nylon nmh (Tetro Inc.), and washed 3 times in RPM1 1640 (6IBC0 Ulb Technologiea, Grand Island. 
N.n 10% fstal bovlna senin (FBS; QIBCO Us Technologies) and 1% psnlcillinMeplomycia Cells 
culturad from the original Usaue wem confinned to be gOottatoma in origin aa detamninad by GTAP 
positlvaiy and morphology. 

The cONA gene for human TNF-a was obttf ned fbm the ATCC. It was doned Into the Hpal 

20 restriction site in Oie multiple cloning rsglon of plasmld pLNCX {Example 1) by a double blunt end ligation 
to generate the recombinant plaamidptilCT. Proper sense ortsnlalion of the TNFcONAwaa confinned 
by analytical restriction enzyme digests. The xpressionofTNF^inthelilCTvect r is controlled by the 
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intaffial immadiatt earty enhancer/promoter of the cytomegalovirus, and th expr ssion of. the neomycin 
resistanea gene is under control of the 5' 1^ ^enninal Repeat (LTR) of the integrated retroviral vector. 

The IL-2JL^ and GM^SFcDNA containing vectors weivoonstnictedi^ Th 
cONA tor each of thes cytokines was obtained from ATCC and was cloned Into the BamHI restriction 
5 site in the multiple dontng region of plasmid pLXSN to generate the recombinant ptasmids pU(SN/)L-2. 
pLXSN/IL-4. »id pLXSN/6M-CSF. Cytokine expression in this vector system is controlled by the 5* LTR 
of the Integrated proviral vector, and expression of the neomycin resistance gene is under control of the 
SV40 earty promoter. 

InfMious TNF gene containing retroviral paftldee were generated t>y transfecting the 

10 amphotropie packaging ceil Une PA317 with purified pLNCT ONA. or with pli^CX DNA (the vector 
control). In brief, the procedure comprised combining 10 |ig of CsCI purified plasmid of pLNCT ONA with 
10 itg calf thymus DMA. TheONAmixhffewasusedtotransfecti x 10* PA317 ceils, which were seeded 
4 hours prior in a 100 mm tissue culture dish, by the calcium phosphate precipitation method. After a 48* 
hour incubation period, the media was removed from the translected cells and centriliiged at 3.000 x g for 

15 5 minutes to remove cellular debris. The resulting supernatant contained infisctious retroviral particles 
(vLNGT) and waa used to transduce ACBT cells. The transf action process comprised plating 1 x 1 0*. 1 x 
l0^.10x10^and2xlO^ACBTceaain 10mlofmedtainl00^mtis8ueaitturediahesat37*ClnaS% 
CQi incubator to allow for cefis fo- adhere. After incubation, the media was replaced with S ml of 
pdybrene (20 ^gAml in phosphate buffered saline. pH 7.4. PBS), and incubated for hour at 37* C. The 

20 polybrene was rmoved. and the PA317 viral containing supernatant was added to the ACBT 
glioblastoma cells. . After 24 hours, the viral supernatant was replaced by 10 ml. of selection media 
containing (9418 (733 |ig/mi active 641B) at a conoenlratfon of 600 Mg/hU. indivkSualoolonies of (3418 
resistant ACBTTNF-a donee were iaolated alter 14 days using sterile 6 x 8 mm glass ctoning rings, and 
expanded in CM oontaMig (3416 for several weeks. The trensfocted cell fines were then retumed to CM 

25 for maintenence and expansion to create vector contnsl clones of which ACBT/LN(^ waa isolated and 
used as a vector control ceil 1^ 

(3ene transfer using the 11-2. IL-4 and (jM-CSF containing vectore were conducted in similar 
fashion to thai of TNF-o. Recombinant DNA ptesmid containing these cytokine genee were used lirit to 
transfoet the esolropiepeGkaglngoeO line OP^E-66. Alter a 48 hour incubeUon period, the media waa 

30 removed and oentrMiged at 3.000 xg for 5 minutes. The viral particle containing supernatant was then 
used to infsct the amphotropic packaging ceil line PA317. Afterwards, indviduai PA317 donas were 
seledad by their abffity to grow in culture media containing (>418. The supematants from individual 
PA317 donas secreting NMtous LXSNm.-2. USN/IL4 or LXSN/GM^SF viral partides were used to 
transduce ACBT glioblaatoma cells in e similar foshion to the lilCT trensfMion es described ebove. 

35 TNF aecretton was detennined by EUSA using a polyctonal antibody against reoombinant 

humanTNF. 11-2,11-4 and 6M-CSFseoetton by each of the respecttve transduced ACBT dones were 
detennined by EUSA. emptoyingoommerdally available kits. Results are shown in Tables 5 and 6: 
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TABLES 




TNF 


IL-2 




GM-CSF 


ACBT 
pannlailina 


24 


212 


12 


22 


LNCX 
(mdoroortrelfDrTlilF) 


24 








LXSN 
(vactor control for IL-2. 
iL«4.&GM-CSF) 




28 


12 


16 



TABtEl 


Acm 


rmiF 


ACSTflL-2 


ACBTTiU 


ACBTI6HC8P 


Oasig* 

nation 


TMF 

(pg/mi) 


OnlQ- 
ration 


(pgftnl) 


Ootl0- 

' nation 


lU 


Deals- 

— — 
nanon 


6M«SF 

(pgAnO 


D 


2.394 


C1 


1.319 


P 


2,373 


Ml 


205 


F 


2.265 


C2 


2^0 


T 


2468 


M3 


274 


0 


2,sa» 


C3 


102 






KM 


880 


K 


2,268 


C4 


720 






MS 


52 


M 


836 


C5 


183 






M6 


204 






C6 


2.066 






M7 


76 






C7 


1.255 






M6 


373 






C8 


108 






M10 


253 






C6 


36 






Mil 


25 














M12 


65 



The ACBT/lparanial and vadcir oonM colls produced mMmal to low levels of each of the 
respedive cytoUnes. Oonee ACBT/TNF^, ACBTa-2-C2, ACBT/IL^T and ACBTOMM^F^ 
produced the highest levels of IndtoM cytoMne and ^ 
and Mnetice of cytokine secretion. 

The parental eel line, ACBT, has a chamctertstle morphology of spimfie shaped astrocytoma 
ceBagrwendivftra The ACBT ceils transduced i(irtthpLXSN or pLNCS vectors alorie. or ^ 
comaW.>,i the cytokine genee, exhibited morphologies simitar to that of the petental can. The growth 
rates of parental, LNC8 vector control, UCSN vector control. ACBT/IL-2-C2. ACBT/IL-4-T and ACBT/GM- 
CSF^ cells Mfe similar, with doubling tbnesrangiv The ACBT/TNF-GceU line 

had a somewhat skywer growth rate of 41 hours. 

Figure 4 shows cytokine production by 0.5 x 10* cells/10 ml over a peilod of 96 hours. Upper 
left, ctone ACBT/TNF-6; tower left, done ACBT/IL^-T; upper right, done ACBT/IL-2-C2; kiwer right 
done ACBT/QM4SF4M. Cytokine produdlon increases steadily over time aa a result of cefl replication. 
The best TNF-procSidng done, ACBT/THF-0.waa expanded to Ibmi a ^ rtesdng 
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9)d ext nsiva chamcMzation. TNF production was stuM over a period of 2.5 moirths and 15 
paseag s. and was ooneistently in the range of 2500 to 3500 pg/mL 

Southern blot analysis of DMA from the ACBT/TNF-G cafl line conflnna that the TNF^i encoding 
vector is integrated into the genome of the host ceH. 

5 ACBT/TNF-G cells were given either 10.000 (o) or 20.000 (a) rads of T-irradlation fbm a cesium 

source, and then were established as monolayer cultures in CM (Figure 5). 59% and 45% of the cells 
were viable 46 hours after irradiation with 10.000 and 20.000 rads. respectively; and only 2% of ceUs 
were viable 14 days later In each group. At 3 weeld.eD of the ceBs that had received 20.000 rads were 
dead. Some caila that had received 10.000 rads suNivad. and replicated to 44% of the original cell 

10 number plated (Panel A). TNF production in the culture initially decreased after irradiation, but then 
steadily increased up to <tay 10 (Panel B). TNF production expressed per lo' viable cetts steadily 
increased over time after irradiation. There was no observable difference in the levels of cytoicine 
secretion per 10^ viable cells between the treatment groups. 

The expression of MHO antigens was analyzed by FAGS on parental, vector control and 

15 ACBT/TNF-G calls. The results obtained are summarized in Table 7. 



TABIHT 


Ctlli 


leotype 


MHCCIaeal 


MHCCtaaaQ 


CD54(ICAM^ 


MCF 


%poa 


MCF 


%poa 


MCF 


%poe 


MCF 


%poa 


Acer 

paranMoaBs 


147.6 


(6.9%) 


859.9 


(62.6%) 


136.0 


(5.7%) 


277.6 


(39.6) 


ACBT 
LNCXvsctor 
comru 


84.1 


(3.3%) 


606.3 


(50.8%) 


156.6 


(3.3%) 


239.4 


(28.9%) 


ACBT/TNF-G 
trsnsduced 
unbradiated 


24.3 


(5.1%) 


643.9 


(99.9%) 


22.5 


(4.4%) 


225.9 


(97.5%) 


ACBT/TNF-G 
2daller 
10.000rada 


40.9 


(6.4%) 


878.1 


(99.9%) 


34.7 


(5.0%) 


392.5 


(97.8%) 


ACBT/TNF<0 

2daftar 
20.000 rads 


34.4 


(4.9%) 


628.2 


(99.9%) 


36.6 


(4.8%) 


327.9 


(97.9%) 



Parental. LNCX vector control and ACBT/TNF^ ceOs and expressed MKC Class I and CD54 
(ICAM-1) surface antigens. The mean channel thiorescenoe (MCF) of ce&s expressing these antigens 
20 were similar fix the parental, vector control and ACBT/TNF-G oeO tinea. However, the percent positive 
cells (shown In parentheses) was greater for the TNF-produdng done. ACBT parental cells did not 
express Osss II andgens. and tranaductlon with the TNF gene tfd not cause /leoexpression of Dass 11 
antigens. 
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T^rradneonmittyupf^gulitidfte xprasiion of bom Clatt I and ICAM-1 surface antigens on 
AC8T/TNMea«s at boft 10.000 and 20.000 radswiihincfwsas in Ih MCF. irradiation did not 
howsMr. eauM flso^ipresston of Class II m lecules on ttM transducod ceO lint. 

Tl» ACBT/TNF^ ce» rno (ws extensivsly tested ter the presence of varfows mici^^ 
our own and oidside laboiatofies. The results revealed that the AC8T/TNF^ cell Une Is ftee of 
mycoplasma, bactsfia, he DMA vinjses Epste&vBair. human hepatitis B. human cytomegalovirus, and 
replication competent retrovirusas. 

EXAMPLES; MauMimll-CSFapiaisniimMmiaBmevKGaamea. 



Expiasaion of the IfrCSf gene results in two tfftorert isotorms of the »WSF protein due to 
attamaliva post-trutsoiptional spacing within «ion 6. One Ibmt of the protein is swseted as a 4Skd 
twmodbnaiietlyeopratoln, and the oViertonnnfflains associated with the ce^ Steinetai. 
(1901) Oneogane 6«01. The secrated form mcSF) induees prpwemion and diflefantiation of 
monocyte progenitors, is responsWe for Ihe iMffluiatian of the eilMorfb^^ 
cytoUne production and enhanced tumoricblai activily, and may IkmeUon as a chamoatMetanl Itar 
circulating monocytes. Iri the t)rain. sM^SF is believed to induce proliferation and activation of miool^ 
cells. AHannan at ai. (1894) Aft Cftem. NeumpatM. 21:177. The membrane bound Isofbrm (mKM^F) 
has also bsen shown to be biologicaiV lUndtanai in that it is capable of stimulating 
formation of bone marrow atom cella. Stain et al. (1990) fllbod 78:1»8. T9 giloblostoma cells 
expressing the mM«SF isofonn. but not Itw sacrslad fomt. are uaed Ai wbo by tumodddai 
macrophages. 

m this example, the therapeutic value of the two IfrCSF isofomta was investigated in glioma 
dsstnjeHon by using T9 glioblastoma cells genMieaiiy modfled to express either the soluble or the 

25 rnemlirane^ssodatedisolbnnsofllMSFInasyngsneicnscherrBtbrainturBormodel. 

T9 gloMasioma met eels Onducsd by the repeated intravenous Irijection of N- 
nibosomethylurea in a Fischer F344 rat; Banda et at. (1971) J. WwrrnsurgL 34:310 wera p^ 
Yoshida.OepaitmentofNeuraaugaty.Nagoy«Univafsity.J^^ Anintraa»iM(i.e.)irt|ec(ionof1«l(^ 
T9 ceHs into the Fischer rat brsin Is 100% lethal in 20-25 days. 9L gBosarcoma cells (induced by 

30 repeated i.v. injedlon of rMtrosomethylurea; Albright et al.) were obtained Ikom Dr. Carol Kiuse. 
UnlversityorColoradoHeallhSdonceCenter. Oemrer. CO. 10* 9L ooBs implanted Into the brain of 
FliehsrP344ratsiaMhalln16^day8. The MAOB106 mammary adanocaRlnome ceo line finduced by 
I.V. irifactfen of 9,10>tfmelhyl-1.2-bencanlhr8oene bi e Fischer F344 rat) was oMrined ftom Dr. Craig 
Reynolds of the NaOenalCamarinstitule, Frederick, M.O. MAOBlOe cells develop lethal tumors when 

35 implanted S.C or Le. in Fischer 3M rata. 

T9 glloblaatoma cans were transduosd wilh 8 rstreviral expression vector (WSN) contahing 
human cONA gene tor the secreted or membrane^ssodated Isofbmi of HW5F (obtained ftom M.R 
Jadus). As detenrtned by EUSA. done T9«»<»F(H1) secretes IM^F at a level of 2000 pgftnlwhw 
1x10* cells are a«uredlnlO ml of medio for 3 days. Secreted IIKSF waa shown to be biologically 
40 adhr by its ability to indwa macrophage odonies ftom lodert bone marrow sampi a. Flow cytoin^ 
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analysis indicated that dm T9/mM^F(C2) exprni^ a high level of M^SF on its ceU suilace. 
whereas TBMA-CSF. vector control and paranta^ Clone T9/nnM-CSF(C2) was effectively 

killed by macrophages in an tfi viero oKulturo expeiim nt tut TMM-CSF(H1) and parental T9 
glioblastoina cells were not Clone TfiMM<:sF(C2) end mMCSF(H1) did not differ in their i>i vfltm 

5 growth rate, the expression of MHC dau I or dass II antigeni. exprassten of ICAM-1 (COM), or 
morphology, in compartson with T9 parental or T9/LXSN vector control cells. 

Tumor implantation studies were conducted as fdlows: Animals were anesthetized t>y an 
intramuscular iriiection of ketamina (67 mg/kg) and xyiazine (6.5 mg/kg). A handMd Dremel Ml was 
used to crsata e shaOow depression 3mm to the rtght of the sagittal suture and 1 mm posterior to the 

10 coronal suture. 10 ^1 tumor can euspension In PBS was iri^ed into the posterior partial lobe of the 
brain at a depth of 4 mm using a Hamiton syringe, and the needle track was sealed with melted paraffin. 

Animals were implanted IntracraniaQy (i.c) with 1 x 10^ T9/mM-CSF or T9/sM<:SF cells. It was 
found that vtimats in|ected with TB/M-CSF have only a slightly longer survivel oompwed to controls 
implanted with 19 parental ceils, in contrast, 60% of the animals implanted with T9/mM-CSF ceOs 

15 survived, flection of mlKSF oalle amongst various donee correlated with the level of membrane 
expression of M*CSF. Clone C2 expressed lha Nghest level of M-CSF on Its membrane and showed 
73% overall rejection, whereas dona F12 showed a much lower level of expression end 
only 20% of animals. 

Animals thst survived the I.e. challenges with TSAnM-CSF cetts were subjected to i.e. 
20 rechailengee with 1 x 10^ parental T9 gUoma celis or 1 x 10^ 9L glioma ceils. The results (Illustrated in 
. Figure 6) damonsMa that reaction of TOAnM-CSF cede Is followed by a long^astlng gHoma-assodatad 
immunity (a) compared with naive oonbois (#). These enimels were 100% immune to Le. challangee with 
parental TO glioma cans (Panel A) and were partially protected tarn e challenge with 9L glioma cells 
(Panel B). In contrast, the animele wars not protected from a challenge with 1 x 10^ MA06106 mammary 
25 edenocardrtoma cells (Panel C). 

Spleen ced trensf^ experiments were conducted to detennine the ori^ri of t^ 
ceO resistance. Itosutts (ilkistrated in Rgure 7. Upper PaneQ demonstrated that tumor ras^^ 
mM-CSF treated enimala could be conferred by ceOe bearing the pan T-oeO maricar CD3. Transfer of 
spleen oette firom TBAnMCSP immuniud animals into naive recipiente resuHad in immunity to i.c 
30 challenge with lO'TO parental calle (•). However, transfer of immune spleen oelie depleted of T ceils by 
antl-CK>3 plus compleiDent tfd not confer tumor resistance (▲). 

Tumor resistance ooM also be oonfened by edmtnistering mM-CSF secnMing ceUa at a site 
distent to the brain (Figure 7. l.owar PaneO* 1 x 10' viable TBMiA^SF cella inlected s.c. in the flenk 
were raieded In epproximately one week. Theee enimels were compleielyreeisiant to a subsequent i.c 
35 diallenge with parental TO glioma cells (a). In oontrest. enimals initlafly treated wHh T0aJ(SN vector 
control celte (•) ware not resistant 

The combined results Mcata that syngeneic mM^SF expressing tuma cells ^ 
anti-tuma response that is reactive against tumor cells of the sarne tissue The tumor rseistance is 
mediated, at least in part by T lymphocytes. 

40 
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EXAMPLE €: S€CRBmtL'4expRtssiOMmASYmoiKVAeaMmQDei 

Tht UM of an llA predudng ceil line in a cancer vaccine was modeled in experiments using a 
Balb/c lymphoma line that secretes IL-4 at high ooncenra^ 
5 In one experiment, mice were oolnjected with the lymphoma ceils and the mouse melanoma cell 

line B16. Tumor growth was delayed tiy 2 wee)(S. in comparison with mice injected with B16 ceils alone, 
a B16 cens mixed with non<ytoldne secreting lymphoms cells. When the B16 caits were irradiated 
before mixing with the lL^cell8,an^ieoelvtng the compositto^ had no significant survival advantage 
against a subsequem challenge, compared wSi controls. 

10 In another experiment C57BUB mice wsre coinjeded with (1-4 secreting lymphome ceOs and 

the carcinoma ceR line u;2. Only one otA of three mice deveiped tumor (the othen were tumor-ftee). 
whereas aU three rnioe in group ir^ected with LU2 alone developed tumor. Histologic examination of the 
one tumor in the treated group demonstrated prominent intratumor eosbwphilla. as weO as prominent 
splenic eoslnophilla. The sunrivtng mice ars subsequently tested for iinmunityhyrechall^^ 

15 oellselont. 

20 This example describes a protocol for the use of a cellular vaodne in the treatment of human 

ovarian cancer. The vaccine comprisei various amounts of IL4-secri^ 4C1 107 ceQs (Example 1) 
mbced with autologous tumor oeOs. 

Vlfomen diagnoeed with Stage 111 or Stage IV epithelial ovarian 
protocoL At the primary surgical staging laparetomy (day 0), a portion of turn 

25 single ceU suspension, arvl used to establish both a primary ceU culture and an autologMS tumor master 
cenbenk. Peripheral blood ceils, and lymphocytes fmm the most cephalad pa^ 
ooBecMandftOQEinforfijtureAiviboteetlng. Beginning on the fifth day. patients rec^ four weekly 
stteitsneousvaceinelr^ecdonslniheenteriorlhigh. Nine deyai efler the last Nactfon. patients begin 
weekly a^uvam chemotherapy, consisting of inlri^ 

310 weeks. 

A second set of four weekly mixed tumor ceQ vaccinations begins three weeks after the last 
course of chemotherapy. TNs set of vaccinations consists of the same conomtration of ceils as thefts 
sat A seoQnd4ook laparotomy is perfomned three wseks after the last vaccine irijecti At this time, the 
surgeon pertomw an eppropriate secondary debuOdng of any gross residual disease, and re^ 
35 two peMcparMOitie or external mac lymph nodee. The lymphocytes obtained ftom the draining nodes 
and the lymphocytes obtained at the end of the immunization procedures a^ 
obtained at time 0 for /n y«m analysis of the hosTs immunological response to autofogous and allogeneic 
tumor cells as a result of receiving the vaccine. Skin testing Is also conducted to evaluate the allogeneic 
and the eufofogous ce0-mediated immune reactivity at various inlenrels during the protocol. 

40 
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Subjects: PaUentsara Hgible for this study if thayfOimafl of ttw following criM 

• Women at leaat 18 years of age with histologicalty confim d epith lia) ovahan cancer 
F.l.6.0. Stage 111 and Stage IV. A patient is considered a candidal <br this pr tocol even 
with si^K)ptimally debulked diseas . Primary staging laparotomy vid other procedures are 

5 perfcrmed according to RGO criteria (DiSaia at al. (1993) Cfinical Gynecologic Oncology. St 

Louis: Mosby - Year Book, pp 662-684). 

• KamofMcy Peffbrmance Status (DiSaia et al. supra p 375 fl) of at least 60 percent 
preoperatively and on the first day of treatment 

• ClinicaQy estimated Ub expectancy of at least thrse months. 

10 • Prior to receiving the first vaodnallon. patients must meet the fblM 

Hematocrit > 20: Neutrophil count > 1.5 x lO'M; Platelet count > 10O.0OO; Creatinine < 2.0. 

• levels of CA-125 entlgen must be > 35 UM prior to suigeiy but not prior to the first 
vaccination. 

• Patients must provide sufficient tumor mass to generate all eight vaccine doses. The 
IS autologous tumor ceils obtained at tha time of debulking must be at least 60 percent viable 

and contain greater than 60 percent tumor cells. 

• Patients must be wilOng to paiddpate In the study and provide infbfi^ 
Patients are ineligible for this study If they fUfifl eny of the feUowing criteria: 

• Patients who have received any cytotoxic c h emotherapy, radiotherapy or cytolune therapy 
20 within fbur weeks of entry. 

• Patients with known contraindication to platinum-based cytotoxic chemotherapy. 

• Patients with autoimmune diseases. lymphoproliferBtlve diseases pnduding other 
hematologic malfonnative disaasee). serological evidence of HIV exposure or any sign of 
active bacterial or viral Irihctton or fisver of urtfcnown origin. 

25 • Patients with other concomltantinvaslve cancer. 

• Patients who within two months prior to entry were treated for a duration exceeding two 
weeks with immunosuppressive agents, including but not limited to corticosteroids and 
cydosportne. 

• Petients who have received orQan transplantSt or who are pregnant or breast feeding. 

30 • Petients with psychological or geo^hic conditions which pravent adequate fbllow-up or 

oompuance wnn me proMoi. 

• Paliefds who are unable to provide InlBrmed consent 

Preparation of the Vaccine: The UCI-107 IL'4-E cefl line (prepared as described in Example 1) has 
35 been extensively tested fbr the preeence of microortfinisrns by our own and severri 
laboratories. The foRowing tests have been conducted liy the fblkMfing labors 
all negative: 

• U.C.I. Laboratory: aerobic and anaerobic Bacteria: 

• Nichols (.aboratoiy. San Juan Capislrano: mycoplasma pneumonlai culture. 

40 • Quality Biotech. Inc. New Jersey: tested ceUs by ONA PGR fbr CMV. EBV. and HBV. 
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• C<Mailliwa8onolcetawift«i«OBWrfe««»:amplifi 

oeRs for dalacflon of npHcatlan coinpstant ratravinjsM. 
In addition, a mouMsnttodyprotfudiontMt liar viruMS Is oonducM PA317/LXSN 
IL-4 supenotant is injected intrapentoneaiiy into mica. 0.7 to 1 .0 ml of Mood Is drawn at four waaics aftar 
feijedlon. The liiood is sent to Or. Oixis Fishsi's labor^, University of Southern CalMMrta, Vivaria 
Animal Diagnostic and Research Laboratoiy. fbr serotogic analysis for tha Mowing muHne vinjs 
•nfibodias: eclnmelia (Integument): GD VII (central nervous system); Lactic dehydrogenase elevating 
vbiis (Bvaf): Moiisa hepatitis vbus (digasUve trad); Pneumonia vinjs of mica (respiratofy tract); Rao4 
(Mssanal tract); Sandal vhjs (raspiraloiy tract). Can supamatant is alao tasted fbr endotoxin and 
■dvsnlilious viral eontamlnanla (Quality Bietaeh. Ina). 

Momiiayefs of UCM07 iL-« cells fbr implantation art washed Ihraa tbnea in PBS and 
astablished in Aim V medium. Aim V metfum is appn>vBd for csO culhiia prior to Implantatlan into 
patlsnts and contains no bovine senjm. Cells are passed in Aim V Ibr two weeks befbra use (n the 
vaccine preparations, then washed and resuspendedm PBS. CeU viability is established by trypan Uua 
awlusion. (Mi Buspansiona with lau than SO percent viability ar» ffiit employed. 

Ttmora art diagnoaad by intnoparailva examination of Itazansaclians. Once Manilllad as an 
•piihaiial ovarian cardnema. a portien of viabia solid tumor tissua la asapdcaliy coOactad, r^idiy 
transported and proesssed witNn 4 hours Into a single cell suspension by the method of VMsenihal ef A 
One aliquot is used In an attempt to establish a prtmaiy csB culture. The remainder la 
rasuspended in completo medium eontalning 10% OMSO, and allquotod tor storage undsr liquid nitregen. 

Tlia paliart idantHicaBon number and data of collection is racordad a computer database and on each 
vial ThaalquotodftoMntumorcetearauaadaatNautelogousvacci n acBmponant Ifacaleuiturais 
asiabilshad, it la uaad fsr Ai vitro toatbiK ottNniiisa primary tumor eels ara used. Tumor caOs era 
man^ulatod and Stored in AIM V medium plus 15 percent autatogous human sanim. 

Both caBs and medium Itam tha autotogous tumor masisr can bank era tested fbr bacterial 
eerttaminatlon at tha tima tha vialaara placed Into the Hreazer. Samples ara moeUatod into thioglyeolato 
raadhm tor both aarobie and anaarobte bacteria; and atraaked on tryplicase soy yeast extract plates Ibr 
•srabicbacteiia CultunaaraincubatodfBrlivadayaataT^. Sample ara also tested itor endotoxins. 

A IS ml eenlcai tuba eonteining 10 ml OM and varying doaee of UCt>107 IL^ end autoiegeua 
30 tumor eella Is inatfated tor 50 miraitoa with a ai37 source dtecharging 200 radsm^ 
tha vaccina ealte ara washed thrat tbnaa in nonnal saline and b^acted wittrin 60 inhutoa. 

Traatmanl Ptan: Thrae padente ara tested tor each dose combinatton. untess the maximum tolerated 
eoinblnalion.damonatrated by Giada III « greater toxleity or irravarsWe Grade II tooddty is obaereed. In 
tNaeaa^uptothraeedMienaipaltentearaanMradatihasamadosateval. If a aeoond pattent then 
devetops tha samedagrae of toxid^r. thai doaa and ea> eomblnaUon la detoed as tha maximum toie^ 
cembbiation. ifnona ofthathraeadditlQnalpattentsdevatopihesamadagraaoftoxIdly.thadoseis 
ascateted to the next teveluntV the maximum teval to be tested is raached. Intmpattam dose aacataiton 
isnotpertonned. 

The lUiownig teble outlines the dosages used: 
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TABLES 


Numbtrof 
tutolog lAtum r 

Ctllft 


Numbtrof 
UCI.107IL4^etlto 


Ritio 


Tumor mm foqulmcl for 
full tiMftmont tehoMo 


1xl0' 


1x10* 


1:10 


16-20 grams 


5x10^ 


5x10' 


1:1 


.80-120 OFomt 


1x10^ 


1x10' 


18:1 


100*200 gromo 



Inoculations am admlnistsfed subcutaneously 10 cm infedor to the inguinaJ ligament on the 
anterior micMhigh. The site of inooilatlon is alternated such that the first inoc^ 
5 the left thigh, the next to the right thigh, and eo on, using a 22 gauge needle. 
The treatment schedule Is as Mows: 

• The date of cytorsductivesurgefy Is merited aa day 0. 

• Vaccine is given on days 5» 12, 19 and 26. 

• Adjuvant Chemotherapy: Nine days after the fourth vaccination, adjuvant chemotherapy 
10 consisting of i.v. Cispiatin at 50 mgftn^ x 9 weekly cycles is administered (days 35. 42. 49. 

56, 63. 70. 77. 84 and 91). Cisplatin. combination Ciaptatln/Cyclophaphamide, or 
Claplalln/Cyclophosphamida/ Doxorobidn are believed to be approximatsly equivaleni In 
terma of efficacy and toxidty, even when stretHled for optimal versus sub^ptimal primary 
debulking. If deemed necessary, in edition to the Qsplatin, i.v. Taxol may be used as a 
15 salvage therapy. 

• Vaodne is given after the chemotherapy on days 1 12. 119. 126. and 133. 

• On day 154, patients undergo a second-look laparotomy that may Include resection of 
resktual tumor, removal of one or two palpably enlarged pelvic or para-aortic lymph nodes or 
^iguinal lymph nodea, if naoesaary. 

20 Patients am removed ftom the abJdy under any of the following cond^ 

• Devefopment of any Grade IV toxicity or Grade 111 toxicity related to admirtfstration of the 
vaodne. Grade II skirirsadlona are expected and not a grounds for rernovalf^ the study. 
Grade II raacttons Include focalized rash, vtt'ooma, swelling, or a trmient temperature of 
aboiA 100.4* C. 

^9 * raneni rwuaai to ooniinue paniopaoon. 

• Pis e at e Progreeafon • Patlenta undergo a physical exminatton and determination of CA« 
128 tavefoprtor to initio of the c he mot he r a py and every t>yee weeks thereafter. Disease 
pn)gression is defined as a doubling of the CA-125. The post-surgical baseline sample is 
drawn with the first dose of chemotherapy and e doubling mu^ have an absolute level of at 

30 least 70 U/mi and must be confirmed by repeat sample analysis. 

Immunologk Teettng: //? vM and vivo immunofogical tests are conducted to dMnnine If the 
immunization procedur has induced a host antMumor reaponse. Baseyne reactivity is stashed 
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befmthovaodnalionsbegla RMctivttyagairat the anogmeiceM fine satves as a positive 
maaiurB patiam raacUvily agtf rat strong antigens. 

The pfeparatlon of Ihe specific lymphoid eefl populations fcr immunolo^ 
the fblto*ing manner. Peilpherel blood mononuclear cells (PBMC) are coRacted from 50 cc of pailpheral 
5 Wood separated by FI<mHYPAQUE« gradients, and stored In liquid nitrogea 

Lymphocyte cytolytic adNRy and cytokine production is tested as fellows: CytolyUc activity of the 
patiaiirs lymphoid cells is measured In a 4 hour "a PBteaae microplato assay and in tong^emt assays 
vwsus the aSogenale UCI-107 oeO lines, autologous tumor cells, and anoner ov^ tumor c^ 
a dHlsrem paHont as a spedlGity conboi. 

0 M>yad Type HyparsensitNlty (DTH) Is Mod by skin reaclionL Test kioculatiora indude: 

Mumps (viral). Trichophyton (limgal). PPO (bacterial) antigens. 5 x 10» irradiated autologous turner ceils, 
or Sx 10* Irradiated aOogeneie tumor oeOs. Inoculums are administered Into the forearm at separately 
wanted sHee. The diameter of induration is recorded 48 hours fbOowfng inoculation, and skin test 
responses of less than S mm Induration are scored as negative. OTM responseo are assessed prfor to 

5 vaccination (day 3). prior to ch em o th e i ap y (day 33). prior to the second sertes of vaednatlona (day 11 1). 
and afterthe lacond series of vaccinations (day 152). 

The abi% of the vaccine combinations to improve Ihe oullcok of patleniB witti ovarian cancer to 
also assessed accortfng to standard clinical criteria. 

0 AHhotighlheilDragobiginvenlien has been described In some detail by way of lUustration^ 

example for purposes of darfiy and understandbig. It wfll be apperertt to those skilled in the art that 
certain changss and modHicaliona may be practiced. Thereilm, the deecripUonwdexamplee should not 
be consbued aa nmilng the scope of the Invention, which Is dsBneatad by the appended cWrns. 
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What is daimed as the invention fr 

5 

1. An immunog^c composition suitable for administration to a human, comprising an effective 
comtiination of 

a) tumor-associated antigen obtained tirom a cell autologous to the human, or the progeny of 
such a cell: and 

10 b) a ceUailogeneie to the human, genetically altered to produce a cytol^ 

2. The immunogenie composition of dalm 1 . vvherein said tumor«asaociated antigen is comprised in 
a primary tumor celt f^ said human, or a pmgeny of such a primary tumor cefl obtained by 
cultuiing the primary tumor cell ex vivo. 

15 

3. The immunogenic composition of daim 1 . whersin said tumor-essodMd antigw Is comprised in 
an extract of a primary tumor cell from said human, or an extracf from a progeny of a primary 
tumor cell f^ said human, or a combination thereof. 

20 4. The Immunogenic composition of claims 1 to 3. wherein said allogeneic cell is a tumor cell or the 
progeny thereof. 



5. The Immunogenic oompoeition of daime 4. wherein said allogeneic ceH is selected from the 
group consisting of ovarian cancer cells, brain cancer cells, and the progeny of ovarian cancer 
25 cells and brain cancer ceBs. 



6. The immunogenic composition of daims 1 to 5. wherein the cytokine m selected from the group 
consisting of lU. GM^F. tL-2. TNF-o. and M^F. 

30 7. The immuno^nic composition of c^ms 1 to 6, comprising a plunality of allogeneie ceiis 
geneticaBy altered to secrete dHVerent cytokines at elevated levela. 

8. The immunogenic composition of daim 7. wherein each Afferent cytokine is selected from the 
group consisting of IL-4. GM-C8F. IL-2, TNF-o. and M-CSF. 

35 

9. An immunogenic composition suitable tor administration to a human, comprising an effective 
combination ot 

a) a first population of tumor ceils autologous to the human, or progeny of such celts; and 

b) a second poput^ton of timior calls allogeneic to the human genetic^ ly altered to produce a 
40 cytokine at an elevated lev I. or progeny of such celis. 
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10. '^"ninunosQrtcoompoaiti 

prtnaiy tumor oeUs aspened from a solid tumor oMained from said Kunan. 

11. Tha Immunogenic composition of dalm 9. wtierain tha first call population comprtsas calls 
seiactad from tha group consisting of gSdma calls. glioUastoma oella. gllosarcoma cells, 
astrocytoma calts, and ovarian cancar oaQs. 

1 2. Tha immunoganic con^sttlon of daftn 9 to 1 1 , whaia^ tha first call population is inacthratad. 

13. Tha Immunoganic composition of claim 9 to 11. vMharain tha sacond cad population is inactivatad. 

14. Tha immunoganic composition of daim 13, wharain tha sacond call population is inactivated by 
irradiating with at least about S.0O0 rads of r-irradialion. 

15. The Immunogenic composition of daim 9 to 11. wherein both the first and sacond caP 
populations are inactivatad. 

16. The immunogenic composition of daim 1 to 1 5. wherein the nu^ of the cytokine produced at 
an elevated level is secreted from the cells. 



The immunogenic composition of delm 1 to 15. wherein the majority of tha 
an eievatad level is present on tha outer membrane of the cells. 

The immunog^ composition of daim 16 to 17. wherein the cytoldne is selected from the group 
consisting of IW. 6M^. IL-2, TNF-o, and HfrCSF. 

Tha immunogenic composition of dalm 16 to 17, wharain tha cytokine is membrane^sodated 

Tha Immunoganic composition of daim 1 to 19. wharebi the number of cells In the first cell 
population to that in the aecond cell popuMon is a ratio between 1:10 «^ 

An immunogame composition suitable ibr edministration to a human, comprising a tumor 
assodated amigen and e population of cells ejpessing a tra^^ 
auflldem 10 enhance an immune response to the tumor assodatad antigen. 

The immunog«ilc composition of daim 21 . wherein the ceils are tiffncr cells autologous to the 
human or progeny thereof, and the tumor assodrtsd antigen is expressed by 
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2y Th8 immunogenic composition of dalm 21. ivherein th ceils m allogeneic to the human, and 
the tumor aeaodated antigen is expressed tiy another populations^ composition that 

is autologous to the human. 

5 24. A brain cancer cell designated ACBT. and the progeny thereof. 

25. The bra^ cancer ceS and progeny thersof according to daim 24. genetically aiteied to secrete at 
an elevated level a cytokine selected from the group consisting of IL-4. GIM^SF. IL-2. TNF-o. 
andM^. 

10 

26. The brain cancer ceil and progeny thereof according to claim 24. seiscted from the group 
consisting of ACBT/TNF-G. ACBT/im-T. ACBT/iL-2-C2. AC6T/GiyK:SF4iM, and the progeny 
thersof. 

15 27. A unit dose of the immunogenic composition according to daim 1 to 20. wherein the number of 
altogeneto tumor ceils Is at lea^ about 5 K 1 0^ but no more than about 2 » 10^. 

28. A unit dose of the immunogenic composition according to daim 1 to 23. wherein the number of 
primary tumor ceOs f^ said human or progeny thereof is at least about 5 x 10* but no more 

20 than about 2)1 10*. 

29. A method fbr producing the Immunogenic composition of daim 1. comprising mbdng: 

a) tumor*assodated antigen obtained from a cell autologous to the human; with 

b) a ceO allogeneic to the human, genetically altered to produce a cytokine at an elevated level. 

25 

30. The method of daim 29. also comprising provkSng the genetically altered cytokine-produdng cell 
of component b). 

31. A method for produdng the immurtogenic compositkin of daim 9. comprising mbdngr 

30 a) a population of tumor ceUs autologous to the human, or the progeny of such cells; with 

b) a population of tumor cells allogeneic to the human genetically altared to produce a cytokine 
at an elevated level, or the progeny of such osUs. 

32. The method of daim 31. also comprising providing the population of tumor ceils autologous to 
35 the human of comp on ent a). 

33. A kit for producing the immunogenic composition of daim 9. comprising: 

a) a container containing a cell allogeneic to the human, genetically altered to produce a cytokine 
at an levated level, fbr mixing with bmor cells autologous to the human or progeny of such 
40 . ceils; and 
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b)wit! n instructions for preparing or aebni^^ 

34. A kit for producing th immunogenic compositton of daim 1 , comprising in separate containera: 

a) a population of tumor ceOs autologous to the human, or th progeny of such celts: and 

b) a population of tumor ceils allogeneic to the human genetically altefed to produce a cytoicine 
at an elevated level, or the progeny of such cells. 



35. 



A method of induc&ig an anti-tumor immundogteal response In a human, comprising 

aiMnistering an immunogertoamoum of the immunogenic oomp^ 1 to 23 to the 

humaa 



36. A method of stimulating an anti^or immunological response in a human, compr^ the steps 
ofc 

a) fanning a cell mixture by mbdng together to wlfo a tumor^ssodat^ 
ceo auloiogoua to the human with a can allogeneic to t»» hunw. whe^ 
been genetically altered to produce a cytoUne m an elevated level; ^ 

b) admMslering an Immunogenic amount tt)e caB mixture to the humaa 



37. 



The mett)od of daim 36. wherein said tumor-assodated antigen is oon^'sed In a primary tumor 

cefl from saw human, or a progeny of such a primary tumor ceU obtained by cu^ 
cell ex vivo. 



36. The mettK)d of daim 36, wherein ssid tumor-assodated antigen Is comprised m an extract of a 
^ primary tumor ceO from said human, or art extract ftom a progeny of a primary tumor ceU frm 
said human , or a combination thereof. 



39. 



The mettiod of daim 36. whersm step a) comprises mixing a population of tumor cells 
autoiogoua to ttie human, or progeny of sudt cells. wHh a population of tiAnor cells allogeneic to 
ttw human genetically altered fo produce a eytoUne at an eleveted le^^ 



). TTie method dcWm 36. forther comprising provldng primary tumor ce^ 
tumor obtained fipom said human. 

I. The method of daim 39. wherein ttte autologous tumor cell population 00^ 

from the group consisting of g&oma ceOs. glioblastoma ceSs. gliosarooma ceOs. astrocytoma 
ceOs. and ovarian cancer oeOs. 



The method of daim 39. fliriher comprising inactivating said autologous tumor cell population. 
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5 



41 Th8 method of daim 39, fUth r comprising irwivating said allogeneic tumor cell populabon. 

44. The method of daim 39. further comprising inactivating said allogeneic tumor ceO population tyy 
liradiating with at least about 5.000 rads of Hrradlation. 

45. The method of daim 39. ftjrther comprising inactivating both said autologous tumor celt 
poputation and said allogeneic tumor ceB population. 

46. The method of daim 36. fttfther comprising previding said odl aSogeneic to the human 

10 genetically altered to pfodm a cytokine at an elevated level 

* 

47. . The rnethod of daim 29 to 46. wherein the cytoWne is sdectedf^ the group 00^ 

GM^SF. lL-2. TNF-o. and IMSF. 

IS 48. The method of daim 29 to 47. comprising mixing together in vHre a tumot-asaodated antigen 
obtained from e cell autologoue to the human with a pfuraOly of aOogeneie cells genetically 
altered to secrete dMisrent cytddnes at elevated levels. 

4i9. The method of daim 48. wherein eechdillBremcytoidnei^ 
20 lL-4. GM-CSF. IL-2, TNF-a. end liMSF. 

50. The method of daim 39, wherein the ratio of autologoue tumor ceBs to celte aOogeneic to the 
human that are geneHcaOy altered to produce a cytokine at an elevated level la between 1:10 
and 10:1. 

25 

-» 

51. The method of daim 36. wherdn the number of aBoganeie tumor cells at leaat about 5 x 10* but 
no more than about 2 X 1 0^. 

i 

52. The method Of daim 39. v)4weln the number of eeOs in the autologous tumor cM 
30 laast about 5x10* but no more than about 2x10*. 

53. The method of daim 29 to 52. wherein said tmmunok)gicd response is a primary response. 

54. The method of daim 29 to 52. wherein said immunological responee is a secondary response. 



35 



55. A method of stimulating an anti-tumor immunologicai response in a human, comprising the step 
of admlnisterfng to the human a composition comprising a tumor assodatad antigen and a 
population of cells expressing a transmembrane cytokine according to daim 21 to 23. 
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56. A (itettiod of treating a naoplastie disaasa in a human, compriaing adminiataring an affectiva 
amount ol tha tmmunoganic composition of daim 1 to 23 to tha human. 

57 . A method of treating a naoplastie disaasa In a human, comprising the steps of: 

a) fomiing a oaO mixture try mixing together invHro9^ tumor-assodatad antigen obtained from a 
oeil autologoua to tha human ^ a caQ aOogeneIc to the human, wharain tha allogeneic cea haa 
bean gan^jcally altered to produce a cytolm at an alav^ 

b) admintataffng an elltetiva amoum of tha cea mixture to the h^ 

58. Tha method of daim 57, wherein said allogeneic oea is selected from tha group consisting of 
ovarian cancer caSs, brain cancer cells, and the progeny of ovarian cancer cells and brain 
cancer cans. 

59. TTw nwthod of daim 97, wAarein step a) oompilsat mixing a poputaUon of tumor cells 
autologous to the humaa or progeny of such cellt, vrift a popuMion of tumor 

the Iniman genetlcaliy aHerad to produce a cytoUna at an elevatad laval. or progeny of such 

60. The method of daim 57, fkiither oompiising pidyidnig said caO allogeneic to the human 
geiwticeUy altered to produce a cytokbM at an elevatad leval 

61. The method of daim 57 to 60. v*ef«in|hecyloldne is selected ftom the gwupconeis^ 
GIWSF. IL.2, TNF-o. and M^F. 

62. T1» method Of daim 57 to 60. coihpflsing mixing together in vitro a lumor^Bsoc^ 

obtained linom a cen lulolagoua to ttM human wilh a plurally of dHtaaM 

humen. eadi dittoram caO being genetically allered to produn a dMItoiBM eytoldna tt an a^ 
iwei. 

63. Tlw use of a ceil populatien containing ceOs ftom e human donor that have been genetlcaliy 
aMaiBd to praduca a cyloidne at an devated levd. ibr combining with tumor caas auttf 

pallent having a tunor or Iht progeny of sudi cdls, in the prepandion of a medicament tar 
adminidadngtethaptfantmihatraabnentoflhetumor. 

64. The use according to daim 63, whefdn the majdity of Ihecytaidna produced at an davaled 
levd Is secret e d ft w n the genetically dteredceOs. 

85. The use occordng to daim 59. wherdn the majoriiy of the cytokine produced at an devated 
lovd is presort on the outer membrane of the geneHcaBy altered ceBs. 
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66. The use according to daim 59. wherein the donor oete nythereof. 

67. Th use according to claim 59, whar in the donor cells are aflogenelc to the tumor cells of the 
pattern 

66. TTie use of celts autologous to a human patfein having a tumor or progeny of such ceOs. and 
cells an aOogeneic tm\m\ donor geneUcaOy altemd to produce a cytoidne at an elevated 
level, or e mixed population of such autologous and genetically altered ellogeneic cells, in the 
preparation of a medicament for admlnlstermg to the patiem in the treatmem 
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